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generating route information including the at least one
traveling range, and providing the route information to the
unmanned delivery device.

20 Claims, 18 Drawing Sheets

2
'\'\.'.l'l.-'r'r'\'\.
§

= e b A = = = i

1
51 | delivery iniormaiion .. ™
19
é galivery staobus _ 25
1 = =T 43
: T anagement wmit
SER delivery information | |
e T - : r - rretarerrrre e,
©o . _manapement wmil A
: S remote condenl unit o33
, r FFFFFFFFFFFFFFFFFFF O—— — : | /{e":::'f rmEreEareriEemiasalimrrEererwEeremeremeaspetcor
g9 e~ Joute information | | Va 2
s wal 1 H Ei?lﬂﬁg{:mﬂi Eif § t'. E i I,a-;—"“-u.""\_""-'-'.:.--"'"-;-.h"\_____ .............................................................................
= g wired of glreisss : B
L e et CtmRUDiCation ) ;
JR-is o Ahigaboatatus b TR petwork S S SH
D manepement onid P R : i
1: -\.-\t:\-\‘:.\_-\' . E‘.‘.‘ TR A s e H-. i
P . IS P arive control uait Bl
i rogote control unid Ry R S S

R PR PR S R W P vy P Y T TSR ) S SR O TR | YT P p PR

-----------------------------------------------------------------------

E-- q::_l :‘:-".:-..;---1--.-_5-.:.--:1;“ ..:;.-;.._E é
- delivery intormaiion e B

.......................

delivery e g
control wud

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

= =" =1

' ~ g bt
i i i, s : R
e RSCEIRG HOLD

i

1




US 10,586,460 B2

Page 2

(51) Int. CL
GO5D 1/10
B64C 39/02
G060 10/08

U.S. CL
CPC ...

(52)

(2006.01)
(2006.01)
(2012.01)

G060 10/0832 (2013.01); GOSG 5/0013

(2013.01); GO8G 5/0034 (2013.01); GOSG

570043 (2013.01); GOSG 5/0069 (2013.01);
B64C 2201/066 (2013.01); B64C 2201/128

(2013.01); B64C 2201/146 (2013.01)

(58)

Field of Classification Search

USPC e 701/2
See application file for complete search history.

(56)

References Cited

U.S. PATENT DOCUMENTS

9,361,804 B2 *
9,613,536 B1*
10,386,833 B2 *
2003/0093219 Al*

2010/0131121 Al*

2012/0158237 Al

6/201
4/201
8/201
5/200

0
7
9
3

5/2010

6/2012

Mere ..ooevvvviniinnnnn, GO8G 5/003
Wolford ................. GO8G 5/003
Yang .....occoovveeeeiinnn, GO1P 5/06
Schultz ................ GO0O5D 1/0005
701/533
Gerlock ............... G08G 5/0013
701/2

[.ee et al

2015/0142211 Al*

2015/0212206 Al
2015/0336668 Al*

2015/0339933 Al*

2016/0046373 Al*

2016/0085238 Al
2016/0253908 Al*

2019/0147747 Al*

KR
KR
KR

5/2015

7/2015
11/2015

11/2015

2/2016

3/2016
9/2016

5/2019

Shehata ................. HO4N 7/181
701/2
Lee et al.
Pasko ................... B64C 39/024
701/2
Batla .................... GO8G 5/0069
701/120
Kugelmass ............ GO5D 1/101
701/8
Hayes
Chambers ............ GO8G 5/0034
701/2
Arngren .............. GO8G 5/0069
701/2

FOREIGN PATENT DOCUMENTS

1020160020454 A
1020160074895 A
1020160074896 A

2/2016
6/2016
6/2016

OTHER PUBLICATTONS

H.S. Cho et al., “Optimal Flight Path Using 2D Data Model”, Apr.
1996, pp. 881-884, Korea Information Science Society.

* cited by examiner



US 10,586,460 B2

Sheet 1 of 18

Mar. 10, 2020

e

U.S. Patent

I E

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

4

i
A
=
)
-
-
4ad
m
"
2
a.
Jad?
g
L
-

1
y

............. IR 10410HC0
s AIRALIBR L L

froveessesseeed

/

m 3Ian Jusissenmy | |
P UOIIEWI0 G IPN1iYE ~

"'"""""""""'

;"

.l._l.:l..l.l-l.

I Bar ESr ESr ESS ESF ESr ESr ESF ESF ESF ESF ESF ENF ESF BSC BSC BN BSC BSF BEE BSC BSC BN BSr BS¢ BN BSr BNS BN BSr BSr B¢ BSr BSS B¢ BSr BSr B BSr BSS B BSr BSE BN BSr BSr SN BSr BN S Ser S e

i
/
Cans
s
oy
o3
yeurareddl
&0
Las
f e
&
<
.
S
-

» sl
LI
(.
.-‘\'z‘
S ead

s TS P 31U [OJ3U0D B30 Lo FT
ad T M
" N. | lessssssessssssssessssssssesssssssssssssssssscsssssana
i == a._,r.w..;n._.r
..................................... oo o 31U meammmmmaw g
' ’ * - . - -~ S -
: l..z.\\ M,\mﬁvmwn.wf . ﬂU.HH_*..T.,ﬂ&\\ . MQHN wm Mﬁ.m\n m.H >

. \ HOT 30 FUNRERICD },m.,% L

“W.m_”n _.f._..1.._. o .. .. -q - .___.l..l..l.\
¥ bot ﬂ..n.@-wwm.w.w . AR, ,mwvnm.wwmw :
— v A Y -

-

A

]
T

.......................................................................... e P e DT FIUR JUDBSHBUe [
Vd ‘_ L UoIIRMICINY ool [T o
N ( : 7
..................................................... VN4 . :
2 V4 S5 e Y LVLONTT R T \\.\\ N M.Whﬂ
DO D 1O TOITU00 S10ma |
m IR USRS RURY i
C LOTIBWIOIUY AJsAiiRp 7 1y

[

A

'

b

L1
4.3 T
o
= X
A

P
I‘*I':' *“‘i
Y
>y G
e 4
10
W I A
— &
SR

.

....................r...................r.............

11N JUSURSRTRY
GO TERIOTUT AJGAY {3D b

?

-

e

>

™




U.S. Patent Mar. 10, 2020 Sheet 2 of 18 US 10,586,460 B2

it i &4

*
- : }

{ { | {

delivery management wmanned delivery
ter mma.:. device management devige

generate delivery {0 .
list information |

bl q.-‘r-ﬁ-*—"-.-‘--‘- - -y

L}w .i » \ % :

E"'iff 831 f}ﬁ 5 X :

e T T = 203
transmif delivery ifem 1 ~

anformation, denvery destination nrovide roule micrastion

E  generafe Tﬁﬁté

gﬁfﬂfﬁ?&f i{'}ﬁ (i(\il't!?{\ }r ii(gt | Euuuuuu-nuuuuuuuuwui“u.unuu“H“Huuuuuuué
information, route information 5205 check and store route information

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

r

ol i

Wﬂﬂ'ﬂ'ﬁﬁl‘i‘}

_pmfzri% ﬂ%li%i’" ttem informati o,
eiivary destination information, delivery
1ist ﬁ.rn’m.,wn ronte information

iyt " g M M ik o iyl L e G i i e T R e S

/
|
4
£/
s
el
e
g

_ﬁ . control movement of ummanmed |
5001 delivery device according to |
route mfarmt an g

o A i e g o s
rF |
A o A Y A e A A T

LA
LN
£
G

i fransmit iaformation
- indicating Tiight siats 07 ;
(M et 1 3 B B -.E"l'-.!' PF' f___,.,,-““'w %""‘H,HH

| provide informat ion o 2 o “has ém&m*f s
3 ¢ obains R = . ?ii“?ﬁsff gvice reached >
L paicating fiight siatus ©10! r !

transmit remote franshit rewo e b ~.gdestinat ion?

. fw.'}
‘~.

"ln

|

\ 1

i lr -.-- e i H‘h ""--,-

| conirol request signal control request aignal | v

1 1 k]

: PR = e A A : : )
Edﬁ ttttttttttttttttttttttttttttttttttttttttttttttttttttt %' l""‘l. .‘__,-‘j"\..“_ Sq::{ 8
: i < .,.--""b i ..-.r-f

¥ seawua W T R T SE IR ES A #‘llitt“b'ﬁuii’n‘--‘hw "'"’*""‘: -

l .a--'""f iu i dﬁ&t } 3 ?;

-

Lranemit femate eontrol | <ol o gecomnized?
5"*’31*” permission signal | S -

i-

.";1

™ ._.-""
ﬁ""-T-""
************************************************** Reghon! ;
1
- 1
& E 1
__',;" ol : ;
W ERE L I"‘-‘#J*.“.d}i'.‘i,..'iﬂ'..‘ﬂﬂ}"l‘i,.'-:-..".-..?'-‘.-‘ﬁ’bﬁﬁﬁﬁ-ﬁhﬁﬁ-ﬁﬁ-‘-h‘ﬁﬁ-ﬁ-‘-hﬁﬁﬁi;ﬁt ttttttttttttttttt -’:‘:. tttttttttttttttttttttttt b‘ i.-..-a..-l.-l.-i.-|.-|.-|..-|.-|.-|.-|.-|.-|..-|.-|.-|.-|.-I.-|.-|.tﬁibﬁtttiiaﬁttﬁnl
- 3
\_{‘ni - -.,-hﬁ Mi" ] L !
- CONi 2 FEROLe 11@* .
" 1 . +
b Ted A b Faiae L kB : t. i i
v ¥ T e ‘:} )
: n 131’( SIRY ‘ ol svarsy f S
! {] 3 wironment : 383 1ves ten
: controiiable emvir : ¥ |
utq_{,.@r ;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;; ,,-l...‘_-‘.-..----------.--.;---.-----------------------.-------------—-------------T ------------------------------------------
= 1 ' :
' 1 213 : :
: :_ o o . .":} . 3
1 A
Ir] x* ﬂkﬂt{fi AR T AR LT A AR E PRGBS R REAR Y CRRAE R f‘-"h“ﬂk-ﬁ--ﬁﬂﬂ*w'ﬁ-ﬁlﬁlﬂwﬁ'ﬁﬂi wwwwwwwwwwwwwwwwwwwwwwwwwwwww hii'-:.-hﬁ-ﬁ-'«M.J-'al-ﬂlﬂ-'ri--hl-ﬂwﬁ**%mﬁﬁ*w*ﬂﬂlﬂﬁ** -:
‘
£
LY f .?p. £
- L] ] ¥
i P ramete ¢on :
. F 1 i:’ 3} e '.l-.{...} iy 3
E]
L3
kY
o " o - [ =3 L ! ik - 7 3 - h-3 KT .3 N dg o e om o o o e e o o o e ke e o o o v e e nh o o e e sk ol mp sl e e i s i e ke sl o o e e o e e e e e a e e ke e e T R W Y AR R g R W :
i ‘
E
:. iiiiiiiiiiiiiiiiiiiii M
£
E
F

- =

_ gi:‘*‘l?:f‘i ﬂfp ’dagi 8?"*’ g__m '5{31‘;
S 2 complet ion mi'}?ﬁwm N

- trarfemit deld IVErY

: compiotion inforsaiion
0 -

{

e check delivery
. § caonnletion izz{nrm*mﬁ

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

!ﬂ-ru-i-

xf.-‘.i

bl gl e A i A T s e

' nrovide updated route information
e e R ,=.

w_,"""- “'u‘,_w S 13 %

T T

= <18 i1 BECessary to mm*' tz:{"“‘“‘*m

-

o _safe fanding mm*
] HH““-.H"-‘- __,,.,-*"".

f
f
!

- T e T b L e T

S28d Ne2l~1 move to safe 3.3:3'3&;’,;;, noint

A
transmit mformalion about ,ﬁmfﬁf-mem




U.S. Patent

Mar. 10, 2020 Sheet 3 of 18 US 10,586,460 B2
{,«*“’“ """"""" """‘*\‘
. start
N
_______________________________ | A
set sampling section SRRV §3 |

check altitude information | cong
' of sampling section T

%
determine tvpe of

* : ~ S203
sampl ing section
set {raveling range ~ - §204
_______________________________ | A
set traveling angle e SO05

i traveling range

set delivery route - $Z206

T T T W W W W W

o~
/ ™
¢ :
: A q
a end
. 7
hhhhhhhhhhhhhhhhhhhhhhh “__,.-



US 10,586,460 B2

& i

Ut mmm

/ .
7ofuel SU1ioAR1]

[ ]
G G G GGG . + + + + +
+

-
")
L
_r
]
-
W
L o
L
b

+

Sheet 4 of 18

T a8ue) 8U110AR)

++++++--.:.----------------------------............................................................................................................................----------------------------.E.-------
+ + + +

ti#ﬁlt:tﬂi#ﬂ#gttﬂ##lu:#t
LAYy ML &?r-ﬁa Y R L X

L1
b
LR L
eHd o

+

b o kb ok b b o b e o b b b ok o kb

*
+

o ok o b b b e b b o b ko ko ko ok kb b o b 4

+

FAESAETFALRSYIPARLASAYS

+

s o o kb ko b e bk b e o b ko b

+
+

o e o ko bk b e ok b e ok b o o ko

+
+

o ok b ok b e b b o o b o kb ko bk kb o b 4

+
+

d o b kb e kb e ok b e o o ko ko b b 4

t b

LR 4 )
KFrh

OLYYY

LR L

+ +
+ + +

+ + + + + + + +
+ +
+*

3IN0J J3ARI]
/

ﬁ
i%

€ REXCODIREECOIN

L 3

4
/
!

Mar. 10, 2020

U.S. Patent

>

: L U01109s Sur jdoes



US 10,586,460 B2

Sheet 5 of 18

Mar. 10, 2020

U.S. Patent

v O

oF AN o R A A o A NNy W A N e o A N N WO et it Py, Syl ol Pl Ny o AUA Sy o R B N PR R N PR,

lllll

AL, ¥ _ R e
€1y -~ I0URL SUTIPARL} JUSHOAON PIRALACD . Ty

iiiiiii
llllllllllllllllllllllllllllllll

Sy Wt Bl ny o Ay A S L A Y i_.n_._..........._..._v.ﬂ.r.rr.m..........r..._.,.....L.._.._...T.r.r*._...‘......r._rf..,.}._..‘m....ﬂ............r Aty A AA  W ES AA W R R
PR R R S L LA T I T N R e L
’ % v %._ ” X { e PP A
il %') “ - AI-“” - N ) o~ or ’ “._....-.r.. L ..v....q-___._..._.u...-......__.u....-...._.__..u.1..__....._ tu i .._.r_.....
“ ' ‘. .1 ”~ - W F FE In.- -”__.“.-.!i.lhn...l.u..ﬂu.- -.r--l.-l..li..l- -.._1;.. ‘‘‘‘‘ - .“-l.wl-..l-......__-.“ -..l---i..li.n
' .......-__!--_.- .“L ......_..-...il--ﬁ.-u. -l-l..__ 1.. ..-. “-.I .-.-. .-_. . __.-.—_._.l.-.._.1
L - = o rJ .-ll_f .,.._I__ 4 .ﬂr é .,.-.._n.qq-qn.-.ql.__.u....-..-.'.._ |....1..__..-...11v.._......_“.|-n-..|.
J1Y U114 UDTI008 O10pAnE ATIRIUCGZIIDU o @ e
M/ w ..h Ik .ﬂ.l.tM ”_w w. h &. m;- .-...-...__....-.._1._.H \ ..... ...__.. .1.-1.- . ___..in .__.-.. -.-.. ._..1.-__.__.1..- .... ._.1__...|__.;..__.-..- ..... .1.1.-.
. . 2 . ¢ 2 3

" " - L]
iiiiiiiiiiiiiiiiiiiiiiii

‘..-....-1-++-._.+..____ L T r - “d g . LR} g -
R EE R E A RE N NN E R e 8N O Y , . . Ll e b BB R el b g R e i b B L b e b

.............................

llllllllllllllllllll

@mmﬁmmzmﬁwbEwﬁ%@mmmﬁm w,._._n”_m._,“._m.__m_w_m_.m_.‘._ﬁ_._.__ W
QTP ~~-U1Y114 UO1]088 B]UBAGE A7]BIUCZTIOY R

R A N N,
11— OFUE] SUl[eARl] (USHRAOWE DIRAAD WRNN vt W W

111111111111111
o ' =



U.S. Patent

- * o L ’
- » - »
Fl - r » .
- w - -
r r e .
P & L3 o
) " "
X FJ A
W F ]
» I )
LS » a
» M F
- & :

" L) L r %
B I
[ i * b
O
) F LB
# R 1 ¥
» r [ ]
. o o+
L] » r
L -
L L1 .
L W
1|

L]

[ J

[

Fl
[
»
"
.
F
”
-

& -
F F
L4 -
F S
"
LS
- 4

-
F

-
*
1]
-
LY
b A S
L ]
[ ]
-
1
-

)
a

-3 1.. - »

- LY 4 ) > [ F
r) a F] | - d F
" F - of Fl 4
> F o= L L
L » I L L) -
- L - L
- i - -

"
L]
..
A
of
1
-
[
N

- LI I s o oy K 4
- 1 B - > 3 . d F ]
r . A A - - A o F -
P - LN - - * L
L ] yw o o » % -
" A -+ . A & F - L A
- & * + -4 -

4
4
o
F
b
L
o

Ll

LI T R A
a ] -t F) - - ¥

" L . - A

-5 L & | ] F -

" ) . % L)

A s - » A )

- - 4

L) o 4 + =y L]
* * s o
Fl - F * ¥ 4
L
f * - A
Fl > &
- - 4
o - .
- oF v
+ ¥ -
L -
& e LY
- ) -5

bl At e A e e e, e A e e e e A e e e A A A A A
-
a
-«
b
-
k
‘
L)

...
+*

-y

A rrod B+ ‘g rp g A AN rE b
LI T T B

Mar. 10, 2020

N

n

T LT E
- LT T L
T

. e dd,
[ e L

I I
SRR

(L3

’

'Ff,].,lllq.

) ‘.- N
. {,4::...

1T k" rr

7 LB BRI )
-4 E

‘.‘l d 4 9 & 4 =

a s, . .mu gnua

NN N

! Sl h LR
- kRN, = mmF&b"
PR T T
L LR
L m m A EE R =

B oahm =R F o, oy ymm o B

R N R
I
Loy ey

R Y LN TR N RN RN N sk ko + +

R B B N T ]
-

LN BERCRE BB BCTIRCIE I B N R

-
E ]

v 8 m oA -

LR BE BCCN B ]

L]

LT I T R I N BT L
L L F N R T L B B B L Il o B ]
T - omk

P AR AS S T A TR ok T
B RN R R R e LT Tl LN o B o B AL B L

R L]

L A R I
A o omh B,

- T N

sd A Akh i

rom o omh RN

r
-

F

rore ah bk om

e

A

*

A

-

™ mor,

!

LA ]

o momomoa a.
O " S TR Y T
[N T T I B A R L L N B B Ly |
Arp e NS A
ol ok b e L mmd e,
A T T L T T T L I L R L A T
ad o EEAFE " amdEdFft**" =
L] - momhn R
A L N
LT B L LTI L A

LR

i

* x4

s AN R

mwws FAoa

m gy d R
L N N B R L R T LR e
[ T B R

-0 kI

FLIT SO I N N T g PR
R T R R A T L LT T Iy S B R R S R N A

Fag et bt ed oAy g

4 v h ok oy g mar . w R

LA IR RN N

E R EL RN R L
4 A FE WA AT,

[ Y - -

T

Rt Sty

P mmEd RS

—r

=%

N L LN N B I )
';i"..-‘"""’l"f‘\“.‘

" mamT

m o r HH b vy =mw od da B
TPy nh ARy
LT B o |
=%
maEEN

F

A’ d mawwlh oaa

7

%

r

Sheet 6 of 18

A
a
ol
L

. BA

¥ *or ¥

% 4
-

F
-
&

o T

i Ll » T

L]
L
‘u
-
o
-
a
L
P
"
a
-
n

i 2 i “» - r N

d 4
F

.
-
a
L J
w
.
-
4
-
2
o
A
#
-

L e

F
- a
rh bW
h?'-' s
LR

wd ¥

L T O L e L T T ST . R T I Ot B R
. o r " ] . ~ = " L . " * . e ¥ 'F:,'_,.' .
-~ F ¥ W FT A e ¥ 3 W~ ¥ "W W vy M w ?' Ry
14 4 , au

- o o - L B
' L] - % #% 1MW
L . T T e L S . T S S L -.L;l'..,....“.,,
. LI N R |

b o, Y Fhhoa
LI Tl I T A B i |
L L R ]

amwmdd, yam g d s
L L AL AC LY B B TR By |
WET Iy p" "ud ARy A"

T T . T T T I N . T T R T Y

N Lt L] - ] - L L3 oy 4 L] Y W oy L] ) - - A
-- .- - I W B B .
T, ' ) * ! " ’ ™ 3 ¥ ¥ " h - v ¥ i T ""“"I-I-I‘Ii..-l'-'tl :-‘h‘b
bt L] L L] i [ = o L - - 4 » F - i meruw B L A |
— L ammT-= caa g
"IA‘r F r " k| y L] R Mﬂ-;*"-‘l -r“lli'-,‘p:..ﬁ
L ) " . LY [ » L N R LRI L ] [ L R I R ] aa
L L L L TR T o I L R o o B A N L R TR T B T L A T T ey T Y
- L] [ . - - - P B A I I R N T Y T Y M mEm

v LY P a e R T R S g R e e Y g s

LY
. * h 4 1 » A R R R R I N I B T R R R I I A R e L
- - . L - - L L T T L B R L i B A T R O B T R T e R N AL R A -
R R L E IR P I TR S A = F Bt ocmaomoa .
1 L] * ' 4 s rm B EY SR E oy ek kR A k" FuuwphBL Fa R _maxgsad
- L - L 'y - L e I L L L N A R R I I o A A B R I B T T I I R I |
P P N BLEE TR I B R e LI LR I R AL T N B I A T T N R T R e
bl n '] * * | ] md M- - - -2 1 #=- - 2 EEL F44- & kT - =- 7 1A EFF- - zx&d, ,pygm m=ou.a
L' ramp e wcrardd’ M e Ra AR SRRt rEmrn AT AR P,

Froetd B E | g BF ey gt PR o bl o F g B pad 0w
LI LR P I R R TR BN BN BN I O B N BN TR R R R L LR L R N
"k T EEERE R wda ok k= = pmwowowon k7 e o owm . om
LI T T T O T A o R T T TR L L LR T SR SV By ]
P d P ggmn b B, gk g BF0 Py w Wl Bl d d gy (B0 dpp
ol T AR O B Rl B L LR S I T T T B LR i S B B A
Wt ma a .y oy momomoa W mom a4 h R moEoE o oy om - omoar
I N N PR PR L LI T
ARt e FAraad b Jrsam el S ra A s

I R R R A L B AL LT L I A L R T T T T

1r' e

C N R+ EE = E R o, AN R OERT L oy RN Y. & EEEE Lyl N )
L1 b [ R e o phE e oa myp g B T [ - e xrwEE
Y T

LI A A R T Y R I L L
LR L LR B L I BB L UL B L
B Rty oy R EE

ooy nl Wiy gk J
"B IR LR )

Al .y EFER ™

. L] L] - .
* ":" T of k| L ] r}hf‘f..l IFrI'I'-T"‘rI-h‘.‘_.F‘ ;l‘l'r;.‘_r Fu o n ‘Frlpl'-l-‘}-.! .l.,'-l'l‘!..-' . -J‘..l':
[} P ¥ r LY R SN BN BN BN AR RN BN PR dy . o mEmabt b s Ak s aFE samdtE Ja
¥ ddr LI BE 2N LS I ok, irmF hd s byl 1A L I
= - Fa T 1) k| s pm1mi LY L] a3 BN T R Fidou LYY N

- [ L . [ " I B BN I R AL T Ry A _r.r.r..-l,l.l--l.-.r.l-lu--iiiJ-_J-
] ] .

'ER LR RN F IR RN TR LR L & .t LRI F IR LN R LI R

& | ] L] - - [ -k L] -F R0 CEREETE B B

" " ...":"..."-.1':_ 'I'"...':. .'.':*.1'-.-- - ‘..r'.."-.‘\:-__ u"'.'...'.‘: Coalm omEow oy,
L] L L - T a m# = =—r .1 mmm- wmmEk=-=-1weammE Pt W wme===r wmmrT=-==-sdF Ffg oL
- N iy L - nd A - A g AR o gd dd gy d S JEE gy g A S -me AR R o xdd, ymmrR PSS
. PR I L A A R B R A L N R L T I N SRR A I R BN T

LY r Ll f F e oq ko I R R R T T T T o e e o

» o s Fary e EarFE, cnmdn A Lk _an e B RS L s+ E s, Bt FA s BRI, gy B

1 1 L A mm b EY gy o % LY g b e AR R g B R A B e R Yy p kg ws

PN T LTI I I A R R R P IE T BL L I L A I LB R BN N IR A B I B B BN I I IR R A |
L T T L I O R T R R R T R R T L R L N R N R P U T T B Ry
‘iirJ,..-ll+_.r.4-.|-,..lll-J-.r.r...-lli-..lhi.ﬁr,.-.l---ill-ll..-,.1--.-.!1-_;-'....-ll+_4-..-.|l-.-_r_r,.|..|11.

n e pa N N L g g AT " r R AR PR R R Y e bR L Y e T Y e kAR LY M cada R
PR A R L T R N I N R R I R R e N LI NI I L Al L R ‘am

WE R P s L A AE T Fg LAt oE, R

LI = mm s EE R

w7 7™ E Fa M AT E Sy ma AT P e A RS Fpmay 1 RAE T Py omt !
Tl wd kb - s EEA.bkl g raa b e CIE B B L TR B I R

Foee b 4%k raped b 8" et %k agEpEpEWTSrrddt J CaEe AR SRR At raERd T YA W mR
L I R e A L L R T L R T I E N LY LAY N T S R R Y e
" m =~ ma s oEmm L o momom - e mmE s s mom = mamom S mom o ow nmr s oam Lnom N WA m o= oa
.f- sl kb b oy B sl s EEAr v A b R s vlmaEE - Al ek _=moy

LC I L L B N B L I I I L L L L B B I o L I L DL I L B L I R L B LR o B RN I R I I ]
i“..w..-'uwHU.-'.f.ht*H..-'..-'.nﬁ--s'.-'.fn--..-'nwn“.hlh.-.*“..-..-'.-'unuun-.'-**"...-s=..

d B &k + %A - = 4 W4

P T R AF T S B B T R I e B L e i e R R L B LA N LN LT
o Fe ke Bgf g g g AW oy o g bR g P Ry FE o, g md oy o sk m o JF gl = B,

‘a;ﬂil!f}.ﬂﬂll'.ili cmEk RS A F,  mdld d oyl d Aoy L EALE S S F, gk A Sy oy dLdF Sy -II_‘.F-F-'H-L!I
[
.

LR R N R E R N R I R I LI R LI N R R B I I I T I N A R TR A I A A L S R e LY

LU BN R N L B BN B BN I B B B B L B i B I B R R B BN B T Y & B B B B B L

R . L Fpopeh = Feprh B o e e A s oy F ey oy Ay g mh oy Fpen P Ffy oy ™
. . .

US 10,586,460 B2



U.S. Patent Sheet 7 of 18

Mar. 10, 2020

120 -

100

------

L e B T e e e e e B e o B B B e s o o B T e o e o T L e e e e e B, e e o el e B o o o T Bl e o e e T Rl S e e e o e o B T s o o e e B e i B B B o e e o T i e o o ol e R i e o ol e T e o o S I e B o o o o B s i e i |
ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ

US 10,586,460 B2

W wt e e e e wped y

S s T N T T e e e -
o + 5l
v /)(\-...‘ LY
. . )
40 | 2]
" _— . eeas - - " - e
_ eSS 4eses casas masss ssssr sesss reses ssss sssss sssss sesss ssser sssss Rasss ssssr sesss Reses sssss sssss esasl sesas sesas eeee. — ..x'" ’:,3
L - + 4
QG ................ L
o v
\-_ ___.-"‘-f/ - 1{}
~. . . :
e e e e e Ay w v w8 @ m 2 m 2 mmm 2 mmm o *#___.,--*‘“'
0 b : — -10
é ) - N
!
x"‘-.-

ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ _ difference betwesn

dif{ference hetveen

FiG. 58

terrain atffude valye

attitude value of traveliny range 1

v

errain altitude value

i
b

and alittude value of {raveiing range i
attitude vaiue of traveling range 2

terrain aititude value

and aliiiude value of {raveling range 2



U.S. Patent Mar. 10, 2020 Sheet 8 of 18 US 10,586,460 B2

=%

NS
\
b

E'
g gn, g, edggins s s, g, e Cusedegs e s, v, s g

R

+ + +
+ + + +
+
+ + +
+ +
L
+ + + +
++'I- ++'I-
ey TR T T e T ey ey e e S L S A ey ey ey ey ey e TR +'Il'll 'Il+'ll
+ +
+ + + +

b b b, R b, e R R kbRl R e

Fis. GA



U.S. Patent Mar. 10, 2020 Sheet 9 of 18 US 10,586,460 B2

iz, B



U.S. Patent Mar. 10, 2020 Sheet 10 of 18 US 10,586,460 B2

oot

end poin

+ +
+ + +

LN

&
- ol t
- “ b

- -
L ~ :
L -’ 9
- > b
- v b
- . :
T ‘o '
-_-I" - k
__.i" v b
- ] L
- w &
L A b
*,.*"' l'lr h
Ll - b
-'"'*} - t
- L] h
el 1 .

- "

- w - t
v » " i Tk
. o
""'-'ﬁ. “ s h
.'.J [+ ] - + b
~ A " A
u'-'h L 1 - b
‘__pr" Y k
- v b
-~ " h
- - . b
.._-""" L - b
- » b R .k
-~ 5 - 3
| q} 1 ) ‘ | :t
’ ' b
! "
1 . -* 4
- . t
st art ; * . }
-.--.--.--.--.--.--.--.--.--.--.-vi-.--.--.--.--.--.--.--.--.--.--.--.--.--.‘--.--.--.--.--.--.--.--.--.--.--.--.--.--.-
- e T &
tn.{ & - ' .- r vk
1 Lww T "k
* -1.- L] "h
~ L. "y
- . ok
a o ok
& * * t
.
- . - h
- '& + -.:
- o Pt Tk
” b
-‘ . -!h
F . t
"l-.‘ . -k
- &
“h
b
.k

. F

| .
2 20 T Y " R AL RN NAL AN D AT TRIALAT B E AL NOE T TR IAL T Y IAAL RN ITYYAALT e Y AAL VAL YRR

-

LR L.

T g a Aan Y P . 1 wmom - - PRI N T B

corvection of traveling angle

Y I T — B T

coeeeneneege (it el travel route

g frave] route after correction of traveling angle

FiG. 7A



U.S. Patent Mar. 10, 2020 Sheet 11 of 18 US 10,586,460 B2

end point

L 2
.
.
-
N,
v
%
”
™
=
L 3
-
-
o
-

’ e 1

- - i

q.' _,F"p’ 4" :

» W 4

, - -" .

LN o -

we "n . 4

L] 'F- "\

- -_p - _-I

15 "h . "l

-} o :

"l-{ -v."' " :

w _.“f 1

L% - 4

- _ﬂ.‘ e 4

i .""r 4

L -r. - F |

ot - - 1

" - "

v o - y

""' .'.t-' vt ‘:

. -__.r-" 1

" 1

L] I.h . 4

"r "i. .'."I".r' y -‘:
3 T Pl :
b [ L |
t-‘ ‘,IF-. v b |

ifl‘ S "-i".‘ + .:
- r 4
; ’ o : .
. * o o :
b ..ﬁ.t ,ﬂ-f- ot 1
F - i
‘i. .lﬂ *'.'..i" . 1
\Ph - Wt 1
- . 1

L ".,-l" Lt 1
L '..l o I
-ﬂb“{‘w’- ""ll - ;
l II"-“ ) .':

] 4

b U !
."ﬁ" t by
- j - \
Ny A A g i\-HILll'ﬁf\*'ﬁ.\-ﬁ!lu"ﬁil.ﬂllJ‘H"H’i\Hﬂllﬂi-.F-J"ﬂ"ﬂ'ﬂ’ﬁ\lﬂ-ﬂﬂﬂ‘l‘ﬁlfﬂ'?ﬁ"ﬂﬁlﬂﬂf\"h‘ﬂ\ll‘ﬁfhﬂﬂ\.HF?

start paigt

LY
Ll

- . L el s g gt EEmE s mEowa
. ok Emk T T LY vk =" ER AR AR - bE oLEoaal oo " ="

correction of {raveling angle

=+ 01 + 1 1 LI L

GO > g rtie $1 < G

coveeeeneeme 1011381 travel rounte

e Urgvel route alter correction of fraveling angle

i, T



U.S. Patent

Mar. 10, 2020 Sheet 12 of 18

US 10,586,460 B2

LI

+++++
++++++
++++++
++++++
++++++
++++++
++++++
+++++

+ + +

'-.J_\"'
a ure,
[ ] a "\,‘\‘.
L "‘\-.‘_
R | ' l.,v,‘.
L “‘.\_\‘
v at S
Yo “"“-v-..,,_ﬂ
. . “"u\'\\‘
o -~
- - ‘d""n.._‘
-
L - *"‘-'\..._
W ‘\"w..,‘_
. Ny
Iy H\"n._‘
. ""\.-.,_
* Wy ‘h-"\ﬂ.
™
v bl
a o
v T,
: RN
-
. P -..".\

n * R S+, P, -+ + W

- T - + + + W+ + + + +

» 50500000

) IO

A
F ]
‘-
Y
.3
”
n
-
L 7]
F ]
LY
.

L]

L] b
M,
- -
. "
" . - q r
. 3
{1} "..r e
L ¢ otte

B
.......

“end point

correction of traveliing gugle
P > By e D1 < @y

o, ey, . o 4
ceeeeveeneeeev e 3nttial Eravel route

—gee {ravel route after correction of traveling angle

G, 70



U.S. Patent Mar. 10, 2020 Sheet 13 of 18 US 10,586,460 B2

start peint

/

r

L] + + + + +
*.*‘*.**F**** + + + + + + + HN N NN N NN N NN N + + + + + o+
- + + ¥+ + + + + + + + + + +

-

*‘*‘*‘.’*‘.’*“.’J." *'ﬂri" J ..'J. J wir wir pir off wir off oir ofF
%
"

“l 4 "ﬁ\" F Y
L | L w
1 -, "H.. "y
L] - ""-.. o
i 4 .H. ‘
1 )
'] l|. ""'\ wa
i y
. . .n.
] .
‘-l L] I'"q._“-
k| " ey
L] a -"ﬁh-
L \‘..
1
. | .
1 a
LR |
LK | _ . _ _ _ _ _ _ _ _ _ L _ |
h {. b
+:l * b 4 B + 0 % b F+ -k ===: ygeo-ccd === == dFh Ft+ brF--dr--FJ:- ==& =-rd +-1 d & 1 d & I 8 01 d & 8 + & 8 + &% + 0 % + &« 0 + 08 % k 0 & kh ==+ ===: v h F& I --dr=-=-=-=-d ===::qp== g« =scuw= yg==d=-vr 01 d 41 + 4 & a " Pl
L} " +
1.:11.-.'11.11.-1.- M Ne % RN "h ke Bm B bk B o d ke B "h N BB B Ne W Ok B N B Ne BN LR B J M N O P A F P4 p R § PR A F RSN WN R R F N % N N E § BN Naeh hhN:dE =B kNaW EkSah kel ‘A& ke N I. Rk N. Jd ke N J p 4 o P W OF R W R R P +++ ++ ’
,:! - R N R R R R T L RN R TR R N RN R R - A L A SR L U R RN T N - ol R o o A A », -
. -
ok k ok ok
I.--:l. I Y T . T L L T T T O B O B PO T R T A e T T B P R T R L I E T T L T T T T T T P R P i R P R I P I e A T Y AL . * * _1_ .
T e L . PO e S T
‘i " " = kel " .
i -
:.,-.. L T T T T T T T T T T T B B e T I T I e O T T T T T T A T T B T B T T B §
-
. = TS R m ., . N >
LI T I Y LB » " = § [ [l L1 [] [] - [] [] r o m e ommoh Mmoo R MR R & . i} e w - ) ] . Camt T

correction of traveling angle
$O > Py e $1 < P

coneeneeeeccgeigitial fravel route

- wt

Hrwripa
Y ¥ ¥ ¥

e L Y27CY YOULe after correciion of itraveling angl

SICHrAN.



U.S. Patent Mar. 10, 2020 Sheet 14 of 18 US 10,586,460 B2

+
-+ o+
o+ b+
ok o+
NN
I
OO
NN
EEEIE T
ok
Y T
-+ ettt
oL
- ++++++ v
d"f.u. + + 4
W
- N +
il
- o+«
L ol ™
ﬂ.ﬁ’ L]
.,-F'-F. *
M
I~
- »
ﬂﬂ#ﬂﬁ& -
F
T A
._'..Fl- -
" -
- L
-t' -
-
+ "l'"-‘ A
+ o+ o+ _._."'l" . ""
* o e
AR
+ o+ ko FF [ ] -.' .
NN
LR LN 1
LIRSS W -
SRIE ‘.'.' -
L3 b
' 4 .
a * L5 "
+
- e L] .
{ ot w . .
o+ + [ ]
Ay - : :
- .
i. ﬁ-‘ L -
.‘h“ - t. [ ' :
. ) 1] =
- L T
™ T . .. f-
L] -~ [ R [ .
- _FEE] - . i
kb reciw o IW R W N
AN v :---- B T, ¥
R+ - S i e a g e
N [ I R R L N
ok ok * DT I I ]
P R M R .
+ o+ N e om S ma owmomon
P [P A Eh o uimam o ma o momm
- + NN . 0w - L g4 pomom
___-1*‘ + 5 WOOOY Y, P e
- - W e TrmtimtewtEw ow
- L 3 - =
e~ i e e e an
- .
- " -
] '
- . A
Jfﬂr*ﬂﬂ ‘-ﬁ -
v
o .
- ™ -
-.-I' - a
M
fJF F. 9 o
-""- - 1
e \ r o
..b"""'.‘ ” v
} -l L™ .
L W
I Y T B * T B ] - ] [ N T T T T | LR IR I ]
" " moEmoEoma . = m mE aEmE a R . oa
v . LI T L R B L] LI I I T | L] ] L A L N N T T | noarom " m o
1! ~ L LR I T T S A LA AR T ' r R R L T R ) . T e tere -
-+ A L . . - DR T R N T = T w N CaTitEtaow .
- amoErmoEoam - o . - . * 4w o moEEm o= . A aaom . m s
- B M o ag g FL gl e Ey g F m g m oEm_i E_igl Pyl rg 4 S, LT 0 E_ig g ® g B e T E_a_w
l‘. . \ s ot . a o \ \ [ T L o P . O . \ F T . .
2 . A . N R N X Do .o L . Py o h kR Wk M4 mo%m T PR LT T . P Poret erw R
Wk dakradod ey o L T T T ] N L ' T
L] . ., ta P A T T R n - it oaimvomroa, o .
_’ b . " oat 'l"’|'1.'i."||‘l1."_ . 1" i "a'rta'n' ' n ¢ T = s 2"s'L's'RL L* B L L T n" "atat,
. Loty tary te iy bedy a . I T T R ' N o oml notgprn v ' b am o Lot
- .. .. 1 ] . 4 ] . e o . . L 1he'n W'oewm o YLl Y - Fhetd kR4 [ e e e e e e .
-
ﬁ'{ Fal TR ] * R R R T T T ' DRI I | a4 MmO EEEY Y htraa
-
- = e e memoma e 4 & s mama o a Vi e eaamomE m e rmam oam omm =
- L "
. R * . B Ehww R 4 "womtaw om . PRI TR R I I R "
F 1\ .
- r .
.-..' N
] r - L]
. -
"'I"'-H“i‘_ﬂﬂl‘ﬂﬂﬂfffi‘f"f"ﬁ'ﬂﬂf'ﬂfffff""#ft‘ﬂf‘!‘ffff"f"‘ff“ﬂf!‘ff‘f‘fi‘i‘fﬂ'l"‘ .
L] L
. L]
-, -
L]
.
. 4
- .
. C ok mnamra e b W FL mtareritar .o o m 4N Pateretea oar ar . e La gm.vgEgaan e - L LR .ok okgE, g . ,
-l-. . . . o omyoE,E 0, a - " m,E L omoEoEom - N oa oy - - N - L L - . PR - N, on
. D N L T P R . . LI TR S R Com L N T . .
- " m1 om-aow = =T = = 1m = om o1.m -u " " = - s m o= omoE " = T = " r w s omom " " - R omLow " - -
- - n . . I T - = omomomomEoaew - o - . A amaw Emm m o 4 ms o m oamom
[ » e . + 0 %W WA b o B + » TR - e o P+ o L] s 1" " remET RS e + 4 0+ 0%+ M M RTE N R . Lo a "
- rs wer mr kT ow [ T PR . [ T R S ] - - - o= TR " r ke mermon kA -
TR ERE - . r n - omeom. - _ = r a2 rmaras - ey om = . [ I T . L L T N WY
- . L L . o oqm . " L E o om o I.E cLE & - ot omE oy . - - moE om o . - . .‘.‘Ll““ln..-..-‘r. e T L L a -
romonon oy gy LT 1."\-.'""_"r':'+"l‘+..+'__i‘_.“|.|-.-|'l.r'r.'iﬁ'¢i"l"i‘l" v . ¥ [ ] % 4 & @ 4 = - = p F -

correction of traveling angle

DO > Py e B1 < S8, 02 < O3y

™

v 380181 travel route

J
-k

B

e {ravel route alter correction of {raveling anple

i, 8



U.S. Paten Mar. 10, 2020 Sheet 15 of 18 US 10,586,460 B2

+ + +

L L |

LI I |

LN I L L )

.-.‘.-l.ll.l'l‘l‘l'."-"lﬂl‘llll +

qeid /

S
.. i

uuun.q.ln!.-.lla.!uuuuué't.-l-.l_f_._n-!!

+

g L R T D e .-+ -

T L N I R R
-

.
---.'-."-I-dldn-d--.l.--

'-.'II'-F-

LN B B L B L] ' ' 4 s m = = ®m =1 o= oE = oE Ty i m 1 1 1 m 1L omeoaror

.....

carrection of fravelirg angle
G > Do e 1 < Ps

e e innitial travel route

e {rgvel route after corrsction of traveling angle

6. 9



U.S. Patent Mar. 10, 2020 Sheet 16 of 18 US 10,586,460 B2

-------------------------------------------------

G, 10



U.S. Patent Mar. 10, 2020 Sheet 17 of 18 US 10,586,460 B2

LR0 T

A d A P "R AF A "R S
“
L |
-...,wi

% A A& F F e s hYAF T YRR A AR F T Y e Y Y R AR AFA F YW YT RS T SR AR A A E Y Y AP S YA Y AAS S

? »
* % N F F ey YL F LT o

L]
lll!iﬁ'?‘ﬁiillll;iillliiﬁiitl'lﬂﬂs{itlI.l.i'ii'.il'ﬁliil.ll.li"ir

L =k
A -
' -
- L%
e o~
~ oL
< .
+ A
~ IS
u -
- -
. -
< <
-~
F
»
- F
. % - * " *
¢ > Y e ¥
L] Y L¥]
»
w ¥ * € L7 | 15
v -
L
w . n-
[ [
“« " v
L] L4 [ &
ao? L
o .Y ~
- >
» ¥ Ay -~
™ m,
- B . -
-
L) - -y b ] L
v ..-.-l-"'"".* ""'“"':-,..‘_‘h - -
_.--" "\V\‘_ ™ L
""‘ H"'l.._. Y oe e W
.F- - =

./‘ \'"‘- " - Y “
L] "~

[ M"'b.h L -

- g, w
-_..-"-'F‘- ""lvl-\.'.“‘—‘h ..f’.. 1“.\' o
‘.f' N iy "'h,.._ f-.“t\‘
i"‘" F.3
e w,

G 11A



U.S. Patent Mar. 10, 2020 Sheet 18 of 18 US 10,586,460 B2

" "
. % > o
,r"? -
q# hﬁ
-l i ]
. ¥ a .
‘ﬂ"- L}
‘-‘ﬂ- L ‘-.‘
vt o ¥ %
N v
. v * <
,.n"':l s .-.“
*‘_'ﬁ 3> &.}
. A Fon
» . iy
, ) "o ;‘{;
. ™
‘., L
L3 bl !
{i‘ ;-
" a
= v * '-"’""
> > -
=
- » 4
o
- " -,
"
L + ‘_"'ﬂ
~ b #.t'i"
L Y « ;.
AT
. bl Y
an™ -
i v “.-u“' »
- - "n"' =
-’ o ,..vl"" L
| v )
~ - . R ,
gy - . - " »
A
~ -“m *
AR P F W L
m ¥ YR RL A Y YR ARA ALY YR NIEYY Y Y YNy F\-iﬁﬁtiiﬁ-tﬁﬁ#fi'iﬁiﬁﬁf'ﬁ!\-l--ﬂ--hi"--fiiM\
%
- o <
~ e <
. N :
- * p
. -
L o >
: o .
- ’ .
r : ‘
b ] h B
L * ;
»
. -
< n
-
[ ]
- .{.._'; I‘_ ¥
,‘I‘ L 4
- » M Yo "
. -.if L+
o i -
- r" Yo
. > -
» e F
n " @ -
& =
L3 “ "y
" . N
. v ™
AY ¥ N
- W
- . " . .
> F ¥
v il )
A v
= ."*‘J_ll..“-'l..;l‘y‘ "¢ [ 3
L il S * A -
o e Y.
i . T e .
o "\. » L
e -~ Y
""'q‘ '¢ L
-

‘F'_,...-#'*"'"-“-.‘,‘H .".’- ~ ’
..'_p ""'l..,.ll.| ‘-l'..'
- T S i " r
- " TN
o~ "f H“‘-‘-‘h“"““’ \'.
"~

----------------------------------------------------------------------------------------------------------------------------------------—-h

G118



US 10,586,460 B2

1

METHOD FOR OPERATING UNMANNED
DELIVERY DEVICE AND SYSTEM FOR THE
SAME

CROSS REFERENCE TO RELATED
APPLICATION

The present application claims priority to Korean Patent

Application No. 10-2017-0040866, filed Mar. 30, 2017, the
entire contents of which 1s incorporated herein for all
purposes by this reference.

BACKGROUND OF THE INVENTION

Field of the Invention

The present disclosure relates generally to a method and
apparatus for delivering a package. More particularly, the
present disclosure relates to a method and system for oper-
ating an unmanned aerial vehicle (UAV) (heremafter,
referred to as an unmanned delivery device) to deliver a
package.

Description of the Related Art

Generally, the term ‘drone’ refers to an unmanned aerial
vehicle (UAV), meaning an aircrait without a human pilot
aboard. Drones are supported by acrodynamic forces and fly
autonomously or under remote control by a human operator.
Drones are known as disposable or reusable powered
vehicles that can carry weapons or general cargo.

Due to technological advances, drones were being devel-
oped 1 a wide variety of ways. Drones are first developed
for military use, but recently various drones for civilian use
are being used. Typically, drones have been used for hobby
purposes 1n which they are controlled by a remote controller
and are required to fly within a visual range of a user.
However, attempts have been made to use drones to deliver
a wide variety ol cargo, such as documents, books, emer-
gency supplies, and goods, which are not large enough to
aflect the takeoil weight of drones.

However, there are dithculties 1n commercialization of

drones for delivery purposes because of a short flight
duration and distance due to the limited on-board energy
source (battery), the limited weight capacity for carrying
cargo, and the like.

In particular, flying of drones may be obstructed or
restricted due to physical obstacles such as a mountainous or

rough terrain or high objects existing on the travel route of

drones or due to legal obstacles such as regulations related
to restrictions on flight areas of drones. Therefore, 1t 1s
necessary to control the flight path of a drone to avoid these
obstacles.

SUMMARY OF THE INVENTION

Accordingly, the present invention has been made keep-
ing 1n mind the above problems occurring in the related art,
and an objective of the present immvention 1s to provide a
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method and system for setting a travel route (tlight plan) of 60

a drone, which leads to eflicient and safe operation of a
drone.

Another objective of the present disclosure 1s to provide
a method and system for achieving fast delivery of a package
with less battery consumption.

A further objective of the present disclosure 1s to provide
a method and apparatus that can operate an unmanned aerial
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vehicle within a safe operation zone while minimizing
redirection thereol that necessarily occurs due to altitude
changes on 1ts travel route in order to minimize battery
consumption.

A vet further objective of the present disclosure 1s to
provide a method and system capable of stably operating an
unmanned aerial vehicle even 1n various unexpected situa-
tions (route deviation, altitude deviation, etc.) which are
likely to occur during delivery of a package to a delivery
destination.

The techmical problems to be solved by the present
disclosure are not limited to the technical matters mentioned
above, and other technical problems which are not men-
tioned but can be solved by the present disclosure are to be
clearly understood by those skilled in the art from the
following description.

In order to accomplish the above objectives, according to
one aspect of the present disclosure, there 1s provided a
method for operating an unmanned delivery device. The
method includes: setting at least one sampling section with
respect to a travel path to a delivery destination of at least
one delivery item; determining a type of the sampling
section based on location information and altitude informa-
tion of the sampling section; setting a traveling range
including the at least one sampling section based on the type
of the sampling section; generating route information
including the at least one traveling range; and providing the
route information to the unmanned delivery device.

According to another aspect of the present disclosure,
there 1s provided a system for operating an unmanned
delivery device. The system includes: an unmanned delivery
device for delivering at least one delivery item to a desti-
nation thereof according to route information; an unmanned
delivery management device for performing setting a sam-
pling section with respect to a travel path to the destination
of the least one delivery item, determining a type of the
sampling section based on location information and altitude
information of the sampling section, setting a traveling
range including the at least one sampling section based on
the type of the sampling section, generating the route
information including the at least one traveling range, pro-
viding delivery list information and the route information to
the unmanned delivery device, and checking flight status of
the unmanned delivery device; and a delivery management
terminal device for outputting the delivery list information,
the route information, and the tlight status mformation.

According to another aspect of the present disclosure,
there 1s provided an apparatus for operating an unmanned
delivery device. The apparatus includes: at least one pro-
cessor, the processor being configured to: set at least one
sampling section with respect to a travel route to the
destination of an at least one delivery item, check a type of
the sampling section based on location information and
altitude information of the sampling section, set a traveling
range including the at least one sampling section based on
the type of the sampling section, generate the route infor-
mation including the at least one traveling range, providing
delivery list information and the route information to the
unmanned delivery device, and check flight status informa-
tion of the unmanned delivery device.

The features briefly summarized above are only exem-
plary aspects of the present disclosure which will be
described 1n detail below, and are not intended to limait the
scope of the present disclosure.

As described above, according to the present disclosure,
there can be provided a method and system for setting a
travel route for ethicient and safe thght of a drone.
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According to the present disclosure, there can be provided
a method and system capable of quickly delivering a deliv-
ery 1item to a delivery destination while minimizing power
consumption when delivering the delivery item using a
drone.

Further, according to the present disclosure, there can be
provided a method and system capable of enabling flight of
a drone at a low altitude by reflecting altitude changes on a
travel route thereol while avoiding obstacles or hazardous
conditions.

According to the present disclosure, there can be provided
a method and a system capable of reducing power consump-
tion by mimimizing changes in a traveling angle of a drone
by setting route information reflecting the altitude of the
terrain of a traveling area or the altitudes of obstacles
existing on the way to a destination of a delivery item.

According to the present disclosure, there can be provided
a method and system for safely delivering a delivery item by
taking into account the altitude of the terrain of left-hand and
right-hand areas of a drone during flight, and a maximum
allowable altitude and a minimum allowable altitude for safe
tlight of the drone.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and other advan-
tages of the present invention will be more clearly under-
stood from the following detailed description when taken 1n
conjunction with the accompanying drawings, in which:

FIG. 1 1s a diagram 1llustrating a system for operating an
unmanned delivery device, to which a method of operating
an unmanned delivery device according to one embodiment
of the present disclosure 1s applied;

FIG. 2A 1s a flowchart illustrating the sequential flow of
the unmanned delivery device operation method according,
to one embodiment of the present disclosure;

FIG. 2B 1s a flowchart illustrating the detailed tlow of a
route 1nformation generation process included i the
unmanned delivery device operation method according to
one embodiment of the present disclosure

FIG. 3 1s a diagram 1illustrating a travel route, a sampling,
section, and a traveling range used in the unmanned delivery
device operation method according to one embodiment of
the present disclosure;

FI1G. 4 1s a diagram 1illustrating the types of the sampling
sections used in the unmanned delivery device operation
method according to one embodiment of the present disclo-
Sure;

FIG. 5A 1s a diagram 1llustrating a travel route used 1n the
unmanned delivery device operation method according to
one embodiment of the present disclosure;

FIG. 5B 1s a diagram 1illustrating sampling sections, a
traveling range, a travel route, and an altitude of a terrain of
FIG. SA;

FIGS. 6A and 6B are views illustrating a relationship
between a sampling section and a traveling range used 1n the
unmanned delivery device operation method according to
one embodiment of the present disclosure;

FIGS. 7A to 7D are diagrams illustrating a method of
generating a corrected altitude 1in the unmanned delivery
device operation method according to one embodiment of
the present disclosure;

FIG. 8 1s a diagram 1illustrating a traveling angle corrected
by the unmanned delivery device operation method accord-
ing to one embodiment of the present disclosure;
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FIG. 9 1s a diagram 1llustrating an example of correcting
a traveling range using the unmanned delivery device opera-

tion method according to one embodiment of the present
disclosure;

FIG. 10 1s a view 1illustrating an auxiliary traveling zone
set by using the unmanned delivery device operation method
according to one embodiment of the present disclosure;

FIG. 11A 1s a view illustrating an unmanned delivery
device traveling within an auxiliary traveling zone set by
using the unmanned delivery device operation method
according to one embodiment of the present disclosure;

FIG. 11B 1s a diagram 1illustrating the unmanned delivery
device traveling outside the auxiliary traveling zone set by
the unmanned delivery device operation method according
to one embodiment of the present disclosure.

DETAILED DESCRIPTION OF TH.
INVENTION

(L]

Heremnbelow, embodiments of the present disclosure waill
be described in detail with reference to the accompanying
drawings for those skilled 1n the art to be able to easily
implement the present disclosure. However, the present
disclosure may be modified 1n various different ways and 1s
not limited to the embodiments described herein.

In describing embodiments of the present disclosure,
well-known functions or constructions will not be described
in detail when 1t 1s determined that they may obscure the
spirit of the present disclosure. Further, parts not related to
description of the present disclosure are not shown 1n the
drawings and like reference numerals are given to like
components.

In the present disclosure, 1t will be understood that when
an element 1s referred to as being “coupled to”, “connected”,
or “combined with” another element, 1t can be directly
coupled or connected to or combined with the other element
or intervening elements may be present therebetween. It will
be further understood that the terms “comprise”, “include”,
“have”, etc. when used 1n the present disclosure specity the
presence ol stated features, integers, steps, operations, ele-
ments, components, and/or combinations thereof but do not
preclude the presence or addition of one or more other
features, integers, steps, operations, elements, components,
and/or combinations thereof.

It will be understood that, although the terms first, second,
ctc. may be used herein to describe various elements, these
clements should not be limited by these terms. These terms
are only used to distinguish one element, from another
clement and not used to show order or priority among
elements. For instance, a first element discussed below could
be termed a second element without departing from the
teachings of the present invention. Similarly, the second
clement could also be termed the first element.

In the present disclosure, distinguished elements are
termed to clearly describe features of various elements and
do not mean that the elements are physically separated from
cach other. That 1s, a plurality of distinguished elements may
be combined 1nto a single hardware unit or a single software
unit, and conversely one element may be implemented by a
plurality of hardware units or soitware units. Accordingly,
although not specifically stated, an integrated form of vari-
ous elements or separated forms of one element may fall
within the present disclosure.

In the present disclosure, all of the constituent elements
described 1n various embodiments should not be construed
as being essential elements but some of the constituent

clements may be optional elements. Accordingly, embodi-
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ments configured by respective subsets of constituent ele-
ments 1 a certain embodiment also may fall within the
scope of the present disclosure. In addition, embodiments
configured by adding one or more elements to various
clements also may fall within the scope of the present
disclosure.

Embodiments of the present disclosure will now be
described with reference to the accompanying drawings.

FIG. 1 1s a diagram 1llustrating a system for operating an
unmanned delivery device, to which an unmanned delivery
device operation method according to one embodiment of
the present disclosure 1s applied.

An unmanned delivery device operation system 1 may
include an unmanned delivery management device 10, a
delivery management terminal device 30, and an unmanned
delivery device 50. The unmanned delivery management
device 10, the delivery management terminal device 30, and
the unmanned delivery device 50 may be connected with
cach other via a wired or wireless communication network
70.

The unmanned delivery management device 10 checks
delivery information related to a delivery 1tem (a package)
to be delivered by the unmanned delivery device 50, gen-
erates a travel route via which the unmanned delivery device
50 travels to deliver the delivery item, and controls operation
of the unmanned delivery device 50. In particular, the
unmanned delivery management device 10 may set a safe
and optimal travel route via which the unmanned delivery
device 50 can sately travel with minimized power consump-
tion, while considering the altitude of a terrain of an area
below the travel route of the unmanned delivery device 50,
the heights of buildings or objects existing in the area,
altitudes of a flight restriction zone, etc.

The delivery management terminal device 30 may check
the delivery information provided by the unmanned delivery
management device 10, recerves location information of the
unmanned delivery device 50 from the unmanned delivery
management device 10 or the unmanned delivery device 50,
and provides the location information of the unmanned
delivery device 50 to a user. The delivery management
terminal device 30 also may receive and display flight status
information indicating the tlight status of the unmanned
delivery device 50, or control the movement or operation of
the unmanned delivery device 50.

The unmanned delivery device 50 may receive route
information from the unmanned delivery management
device 10 and control its movement to travel according to
the route mmformation. The unmanned delivery device 30
may check and transmit location imnformation and altitude
information thereof to the unmanned delivery management
device 10.

Hereinafter, the configurations and operations of the
unmanned delivery management device 10, the delivery
management terminal device 30, and the unmanned delivery
device 50 will be described 1n detail.

The unmanned delivery management device 10 may
include a delivery information management unit 11, a travel
route information management unit 12, a flight status man-
agement unit 13, a remote control management unit 14, and
an altitude information management unit 15.

The delivery information management unit 11 may store
and manage delivery 1tem information including the size and
weight of a delivery item. The delivery item information
may include information such as a type, price, and detailed
name of a delivery item, a recipient to whom the delivery
item 1s to be delivered, and contact information of the
recipient. In addition, the unmanned delivery management
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device 10 may store and manage delivery destination infor-
mation mncluding a location (address) to which the delivery
item 1s to be delivered.

The delivery destination information may include an
address of a delivery destination to which a delivery item 1s
to be delivered, and information (latitude and longitude
coordinates) indicating the location of the delivery destina-
tion and a return point to which the delivery item 1s to be
returned. The delivery destination information i1s used as
reference information for creating a flight plan.

The delivery item information and the delivery destina-
tion information may be input via an input device connected
to the unmanned delivery management device 10, and the
unmanned delivery management device 10 may generate
delivery list information including names of delivery items
and addresses of delivery destinations of the delivery items.

As described above, the delivery information manage-
ment unit 11 may generate, for example, the delivery item
information, the delivery destination information, or the
delivery list information. However, alternatively, the deliv-
ery 1item information, the delivery destination information,

and the delivery list information can be generated by or
entered through the delivery management terminal device
30.

The travel route information management unit 12 sets
route information indicating a travel route via which the
delivery item 1s moved, based on the delivery item infor-
mation and the delivery destination information included in
the delivery list information. The travel route information
management unit 12 may provide the route information to
the unmanned delivery device 50. The route information
may 1include a delivery item list including at least one
delivery 1tem, order in which the at least one or more
delivery items are delivered, a distance to the delivery
destination of the at least one delivery item, an estimated
delivery time of the at least one delivery item.

In particular, the travel route mformation management
unit 12 may generate the route information reflecting terrain
information of an area on the way to the delivery destination
of the at least one delivery item when setting the route
information. The travel route information management unit
12 may check the altitude information indicating the altitude
of the terrain and the altitudes of the buildings existing on
the way to the delivery destination. The altitude information
may be obtained from the altitude information management
unit 15.

The travel route information management unit 12 may
check the mimimum operating altitude, the maximum oper-
ating altitude, the elevation angle or the depression angle,
and the like, using the altitude information, and may set
various routes using the confirmed information. A method of
generating route information based on the altitude informa-
tion, which 1s to be performed by the unmanned delivery
management device 10, will be described 1n detail below.

Further, the travel route information management unit 12
may search for a safe landing point in proximity of the
unmanned delivery device 50, based on the information (for
example, a remaining amount of a battery (remaining run-
time), location mformation, altitude information, etc.) pro-
vided by the flight status management unit 13 of the
unmanned delivery device 50, and generate a safe travel path
from the current location of the unmanned delivery device
50 to the safe landing point. In this case, the travel route
information management unit 12 may provide the safe travel
path to the unmanned delivery device 50 as safe landing
information.
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Alternatively, for example, the travel route information
management unit 12 may generate safe landing information
including an 1dentifier of a safe landing point, and location
information indicating the location of the safe landing point
an area where the unmanned delivery device 50 can land
sately. The unmanned delivery device 50 identifies a safe
landing point close to the unmanned delivery device 50 by
considering the {flight status thereof, for example, the
remaining amount of the battery, and generates information
ol a safe travel path to the sate landing point from the current
position thereof. After reaching the safe landing point, the
flight status management unit 13 may transmit to the
unmanned delivery management device 10 the flight status
information including mformation indicating that the
unmanned delivery device has moved to the safe landing
point.

The flight status management unit 13 may receirve and
manage information indicating the tlight status (for example,
abnormal battery power, remaining amount of battery, nor-
mal tlight, failure, moving to sate landing point, occurrence
of strong wind, landing on the safe landing point, etc.) of the
unmanned delivery device 50.

The remote control management unit 14 may receive a
signal (or a message) requesting remote control of the
unmanned delivery device 50 and may transmit a control
permission signal (or message) to the unmanned delivery
device 50. Through this operation, the unmanned delivery
management device 10 and the unmanned delivery device
50 can configure an environment capable of performing
remote control. Subsequently, the remote control manage-
ment unit 14 may receive and display information (for
example, an 1image of the surrounding area of the unmanned
delivery device 50) necessary for remote control of the
unmanned delivery device 50, and transmit the remote
control signal corresponding to the mput of the user to the
unmanned delivery device 50.

Although the embodiment of the present disclosure pro-
vides an example in which the remote control of the
unmanned delivery device 50 1s performed by the unmanned
delivery management device 10, the present disclosure 1s not
limited thereto. Alternatively, the remote control of the
unmanned delivery device 50 can be performed based on the
input (instructions) of the delivery management terminal
device 30.

In this case, the remote control management unit 14 may
receive a signal (or message) requesting remote control of
the unmanned delivery device 50, and then transfer the
signal (or message) requesting the remote control of the
unmanned delivery device 50 to the delivery management
terminal device 30. In response to this signal, the delivery
management terminal device 30 may transmit a control
permission signal (or message) to the remote control man-
agement unit 14 or the unmanned delivery device 50.
Through this operation, the unmanned delivery management
device 10 and the delivery management terminal device 30
may configure an environment capable of performing a
remote control (for example, opening a remote control
session). Accordingly, the delivery management terminal
device 30 may recerve and display information (for example,
an 1mage of the surrounding area of the unmanned delivery
device 50) necessary for remote control of the unmanned
delivery device 50, and transmit a remote control signal
corresponding to the input of the user to the unmanned
delivery device 50.

The altitude information management unit 135 stores and
manages altitude information on the terrain. For example,
the altitude information management umt 15 may store the
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highest altitude of the terrain (natural features, such as
ridges) and buildings 1n each predetermined area. In addi-
tion, the altitude imformation management unit 15 may
further include information related to a flight restriction or
prohibition zone where the flight 1s restricted or prohibited
or flight restriction altitudes at which the flight 1s restricted
or prohibited.

Although the altitude information management unit 135 1s
provided 1n the unmanned delivery management device 10
in the present embodiment, the altitude information man-
agement unit 15 may be provided as a separate server
connected to the unmanned delivery management device 10.

Meanwhile, the delivery management terminal device 30
may be any device having at least one processor, and
examples thereof may include a camera, a portable device,
a mobile terminal device, a communication terminal device,
a portable communication terminal device, and a portable
mobile terminal device. For example, the delivery manage-
ment terminal device 30 may be a smart phone, a car head
unit, a laptop computer, a personal digital assistant (PDA),
a navigation device, or the like.

The delivery management terminal device 30 may include
a delivery information management umt 31, a delivery status
management unit 32, and a remote control unit 33.

The delivery information management unit 31 may
receive and store the delivery item information, the delivery
destination information, or the delivery list information
provided by the unmanned delivery management device 10.
The delivery information management unit 31 may display
the delivery 1tem information, the delivery destination infor-
mation, or the delivery list information through a graphic
user interface (GUI) or the like.

Alternatively, the delivery information management unit
31 may perform functions of the delivery information man-
agement unit 11 provided in the unmanned delivery man-
agement device 10. In this case, the delivery information
management umt 31 may be configured to generate the
delivery item information, the delivery destination informa-
tion, or the delivery list information, and to provide the
generated mformation to the unmanned delivery manage-
ment device 10.

The delivery status management unit 32 may receive
information ndicating the tlight status (for example, abnor-
mal battery power, normal flight, failure, moving to safe
landing point, occurrence of strong wind, and the like) from
the unmanned delivery management device 10 or the
unmanned delivery device 50, and display the recerved
information through a GUI or the like.

The remote control umt 33 manages the remote control of
the unmanned delivery device 350. Specifically, the remote
control unit 33 receives a signal (or a message) requesting
remote control of the unmanned delivery device 50 from the
unmanned delivery management device 10 or the unmanned
delivery device 50, and outputs an alarm signal (such as
sound or wvibration). The user can input an instruction
indicating the approval of the remote control. In response to
this input, the remote control unit 33 may transmit a control
permission signal (or message) allowing the remote control
of the unmanned delivery device 50 to the unmanned
delivery management device 10 or the unmanned delivery
device 50. Through this operation, the remote control unit 33
can configure an environment (for example, opening a
remote control session) capable of performing the remote
control of the unmanned delivery device 50. Subsequently,
the remote control unit 33 may receive and display infor-
mation necessary for remote control of the unmanned deliv-
ery device 30, such as an 1mage of the surrounding area of
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the unmanned delivery device 50, and transmit a remote
control signal corresponding to the mput of the user to the
unmanned delivery device 50.

Meanwhile, the unmanned delivery device 50 may
include a drive control unit 51, a delivery information
checking unit 52, a delivery control unit 53, a remote control
unit 54, and a flight status checking unit 35.

The drive control unit 51 drives at least one motor to
control the movement of the body of the unmanned delivery
device such that the unmanned delivery device 50 can move
in any direction of the directions including upward, down-
ward, leftward, and rightward.

The delivery information checking unit 52 may receive
and store the delivery item information, the delivery desti-
nation information, the delivery list information, the route
information, and the like, which are provided by the
unmanned delivery management device 10. In particular, the
delivery information checking unit 52 may provide the route
information to the drive control unit 51 so that the unmanned
delivery device 50 can move in accordance with the route
information.

The delivery information checking unit 52 may provide
the delivery item information, the delivery destination infor-
mation, the delivery list information, and the like to the
delivery control unit 53, and confirm that the unmanned
delivery device 50 has reached the delivery destination
based on the location information included in the delivery
destination information. Then, the delivery control unit 53
searches an 1mage for the pattern of a predetermined 1den-
tifier (for example, an 1dentifier corresponding to the recipi-
ent of a delivery item, an 1dentifier indicating the destination
of the delivery 1item, etc.). When the predetermined 1dentifier
1s located, the delivery control unit 33 calculates and pro-
vides information of a distance to the i1dentifier, a distance to
a position where the identifier can be recognized, a traveling
angle of a travel direction, and mformation for guiding to a
spot where the delivery item can be safely delivered, to the
drive control unit 51, and performs a delivery procedure of
opening a cargo container and delivering a delivery item to
the recipient.

The delivery control unit 33 may generate delivery
completion information indicating that at least one delivery
item has been delivered to the recipient when the delivery of
the at least one delivery 1tem 1s completed, and transmits the
delivery completion information to the unmanned delivery
management device 10.

Therefore, the unmanned delivery management device 10
can check the delivery status of the at least one delivery 1tem
based on the delivery completion mnformation. In addition,
the unmanned delivery management device 10 can monitor
whether the unmanned delivery device 50 1s sately traveling
based on the delivery completion information.

The unmanned delivery management device 10 can check
whether the travel time duration of the unmanned delivery
device 50 1s extended or shortened 1n comparison with a
planned delivery time, based on the delivery completion
information. Further, the unmanned delivery management
device 10 can calculate information on a turning-back point
that enables eflicient operation of the unmanned delivery
device 50 by reflecting the extending or the shortening of the
travel time duration of the unmanned delivery device 50, and
updates and provides the calculated information to the
unmanned delivery device 50.

Alternatively, the operation of the unmanned delivery
management device 10 to check the flight status of the
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unmanned delivery device 50 based on the delivery comple-
tion information may be performed by the flight status
management unit 13.

Meanwhile, when the unmanned delivery device 50
reaches the destination of the delivery 1tem but cannot locate
the corresponding predetermined 1dentifier (for example, the
identifier corresponding to the delivery item’s recipient, the
identifier indicating the destination of the delivery item, or
the like), the delivery control unit 53 may struct the
activation of the remote control unit 54.

The remote control umt 54 may transmit a signal (or
message) requesting remote control of the unmanned deliv-
ery device 50 to the unmanned delivery management device
10 (or the corresponding delivery management terminal
device 30), and then may receive a control permission signal
(or message) that allows the remote control of the unmanned
delivery device 50, from the unmanned delivery manage-
ment device 10 or the delivery management terminal device
30.

Through this operation, the remote control unit 54 may
configure an environment (for example, opening a remote
control session) capable of performing the remote control of
the unmanned delivery device 50 1n conjunction with the
unmanned delivery management device 10 or the delivery
management terminal device 30. The remote control unit 54
may transmit information (for example, an 1mage of the
surrounding area of the unmanned delivery device 50)
required for the remote control of the unmanned delivery
device 50, to the unmanned delivery management device 10
or the delivery management terminal device 30 1n real time,
receive the remote control signal for controlling the opera-
tion of the unmanned delivery device 50 from the delivery
management terminal device 30, and transifer the remote
control signal to the drive control unit 51.

The tlight status checking unit 35 may include a position
determination module (for example, GPS, GLONASS, etc.)
for determining the location information and an altitude
sensor for determining the altitude information. The flight
status checking unit 535 may provide the location information
and the altitude information to the delivery management
device 10 according to a predetermined rule (for example, at
a periodic interval of a predetermined time unit).

The flight status checking unit 55 may provide the
remaining amount of the battery to the delivery management
device 10 every predetermined time unit. Alternatively, the
flight status checking unit 55 may transmit information
indicating a low battery level to the delivery management
device 10 when the remaining amount of the battery 1s less
than a predetermined threshold value.

As described above 1n connection with the safe landing
point, when the remaining amount of the battery drops to a
predetermined threshold value, the flight status checking
unit 35 may transmit a signal requesting approval of move-
ment to the safe landing point, to the unmanned delivery
management device 10. In this case, the delivery informa-
tion checking unit 52 may receive the safe travel path to the
sale landing point, provided by the unmanned delivery
management device 10, and transter the safe travel path to
the drive control unit 51.

In an alternative way, when the remaining amount of the
battery drops to a predetermined threshold value, the tlight
status checking umt 35 may provide a signal for requesting
approval of movement to a safe landing point to the delivery
information checking unit 52. In response to this signal, the
delivery information checking unit 52 may locate a safe
landing point close to the unmanned delivery device 50,
generates a sale travel path to the safe landing point, and
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provides the safe travel path to the drive control unit 51 so
that the unmanned delivery device 50 can move to the safe
landing point.

Through this operation, the unmanned delivery device 50
can move to the safe landing point. The flight status check-
ing unit 35 may inform the unmanned delivery management
device 10 of the fact that the unmanned delivery device 50
has safely landed on the safe landing point.

The flight status checking unmit 55 may check the location
information and the altitude information thereof and check
whether the confirmed location information and the altitude
information are deviated from a planned traveling range or
a planned waypoint included in the route information. The
flight status checking unit 55 may request that the remote
control unit 54 performs the remote control operation when
the confirmed location information and the altitude infor-
mation are deviated from the planned traveling range or the
planned waypoint included 1n the route information.

The route information may include iformation of an
auxiliary traveling zone that 1s a predetermined size area
extended from the planned traveling range. When the con-
firmed location information and altitude information are out
of the auxiliary traveling zone, the tlight status checking unit
55 may request that the remote control umt 54 performs the
remote control operation.

FIG. 2A 1s a flowchart illustrating a method of operating,
an unmanned delivery device, according to one embodiment
of the present disclosure.

The unmanned delivery device operation method can be
performed by the components provided in the unmanned
delivery device operation system described above.

First, the unmanned delivery management device 10 may
generate delivery list information including delivery item
information and delivery destination information (5201).

The delivery item information may include information
such as the type, price, and detailed name of a delivery 1tem,
the recipient to whom the delivery item 1s to be delivered,
contact information of the recipient. The delivery destina-
tion information may include an address or a location of the
delivery destination and an 1dentifier of the delivery desti-
nation of the delivery item.

The unmanned delivery management device 10 generates
route information for the delivery item, via which the
delivery item can be delivered, based on the delivery item
information and the delivery destination information
included in the delivery list information (S202), and pro-
vides the generated route information to the unmanned
delivery device 50 (5203).

The route information may include a delivery list includ-
ing at least one delivery item, an order in which the at least
one or more delivery items are delivered, destination 1den-
tifiers of the at least one delivery item, and delivery routes
to the destinations of the at least one or more delivery items.

In particular, the unmanned delivery management device
10 may set waypoints of the unmanned delivery device 50
on the way to the delivery destination by retlecting the
information on the terrain of an area existing on the way to
the destination when generating an optimal delivery route to
the destination of at least one delivery item. The unmanned
delivery management device 10 may check the altitude
information indicating the altitude of the terrain and the
altitudes of the buildings and check a minimum operating
altitude, a maximum operating altitude, an elevation angle
for upward movement, a depression angle for downward
movement, etc. using the confirmed altitude information,
and set various waypoints on the delivery route using the
confirmed information. The operation of the unmanned
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delivery management device 10 to generate the route infor-
mation including the waypoints using the altitude informa-
tion will be described in detail later when describing in
connection with FIG. 2B.

Meanwhile, the unmanned delivery device 350 may
receive and store the route information (5205). The
unmanned delivery device 50 can perform control its opera-
tion by 1tself such that the unmanned delivery device 50 can
autonomously travel to the delivery destination of at least
one delivery item according to the route information (5206).

The unmanned delivery device 50 may check whether it
has arrived at the delivery destination of at least one delivery
item by checking the location information thereof (S207).
Next, the unmanned delivery device 50 scans an 1image of a
predetermined identifier (for example, an identifier corre-
sponding to the recipient of the delivery item, an i1dentifier
indicating the location of the destination of the delivery
item, or the like) to search for the pattern of the identifier
(5208). When pattern of the identifier 1s located, calculation
1s performed to obtain information including a distance
between the unmanned delivery device 50 and the identifier,
a distance to a location where the i1dentifier can be recog-
nized, and angles for directing the unmanned delivery
device toward the location, and the calculated information 1s
provided to the drive control umt 51. Information for guid-
ing the unmanned delivery device 50 to a spot where the
delivery item can be safely delivered to the recipient is
provided to the drive control unit 51, so that the unmanned
delivery device 50 can perform a delivery procedure of
opening a cargo container and delivering the delivery item
to the recipient (S209).

On the other hand, when the destination identifier 1s not
located, the unmanned delivery device 50 may make a
request for remote control thereof. That 1s, the unmanned
delivery device 50 may transmit a signal (or a message)
requesting remote control thereot, to the unmanned delivery
management device 10 (5210), and then recerve a control
permission signal (or message) allowing the remote control
of the unmanned delivery device from the unmanned deliv-
ery management device 10 (S211).

Through this operation, the unmanned delivery device 50
can configure an environment (for example, opening a
remote control session) capable of performing a remote
control process thereof i conjunction with the unmanned
delivery management device 10 (5212).

By configuring the remote controllable environment (for
example, opening a remote control session), the unmanned
delivery device 50 can transmit, in real time, information
(for example, an 1mage of the surrounding area of the
unmanned delivery device 50) necessary for remote control
of the unmanned delivery device 50 to the unmanned
delivery management device 10 and receive a remote control
signal for controlling the operation of the unmanned deliv-
ery device 50 from the unmanned delivery management
device 10. In this way, movement of the unmanned delivery
device 50 and the delivery of the delivery item can be
performed (S213).

In the embodiment of the present disclosure, the
unmanned delivery management device 10 may perform the
remote control of the unmanned delivery device 50 through
Steps S210 to S213. However, there 1s an alternative way.
That 1s, when the delivery management terminal device 30
may perform the remote control of the unmanned delivery
device 50. For example, the delivery management terminal
device 30 may receive a signal (or a message) requesting
remote control of the unmanned delivery device 50 from the
unmanned delivery management device 10 or the unmanned
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delivery device 50 (5210"), and transmit a control permis-
s1on signal (or message) for allowing the remote control, to
the unmanned delivery management device 10 or the
unmanned delivery device 350. Thus, an environment (a
remote control session) in which the unmanned delivery
device 50 can be remote-controlled by the delivery man-
agement terminal device 30 1s configured, and information
necessary for remote control can be transmitted and received
between the unmanned delivery device 50 and the delivery
management terminal device 30.

When the delivery of the delivery item i1s completed
according to the above-described procedure, the unmanned
delivery device 50 may generate delivery completion infor-
mation indicating that the delivery item has been delivered
to the recipient (S214), and transmit the delivery completion
information to the unmanned delivery management device
10 (S215).

The unmanned delivery management device 10 may
check the delivery status of at least one delivery item based
on the delivery completion information (S216).

The delivery completion information may be used as
information for monitoring whether the unmanned delivery
device 50 1s safely traveling. That 1s, the unmanned delivery
management device 10 may check whether the travel time
duration of the unmanned delivery device 50 1s extended or
shortened 1n comparison with a planned delivery time, based
on the delivery completion information (S217).

Further, the unmanned delivery management device 10
may generate route information, by which the unmanned
delivery device 50 can be efliciently operated, by reflecting
the extending or the shortening of the travel time duration of
the unmanned delivery device 50 or a deliverer, and provide
t.
C

ne obtained route information to the unmanned delivery
evice 50 (5218).

The unmanned delivery device 30 may monitor the tlight
status thereof to determine whether 1t 1s necessary to move
a safe landing point (S219). When 1t 1s necessary, the
unmanned delivery device 50 1s routed to the safe landing
point (S220). Steps S219 and S220 may be performed in
parallel with steps S2035 to S218 described above.

Whether or not the movement of the unmanned delivery
device 50 to the safe landing point 1s necessary may be
determined by reflecting the remaining amount of the bat-
tery, the weather condition, and the like. For example, when
it 1s confirmed that the remaining amount of the battery 1s
below a predetermined threshold value or when 1t 1s con-
firmed that the unmanned delivery device (unmanned aerial
vehicle) deviates from the planned route due to a wind or the
like, the movement of the unmanned delivery device 30 to
the sate landing point 1s determined as being necessary.

In an alternative way, the unmanned delivery manage-
ment device 10 may determine whether movement of the
unmanned delivery device 50 to a safe landing point 1s
required and then provide information of the determination
results to the unmanned delivery device 50. For example, the
unmanned delivery device 50 may provide the unmanned
delivery management device 10 with the remaining amount
of the battery or the location information thereof at prede-
termined time intervals, and the unmanned delivery man-
agement device 10 may determine whether the unmanned
delivery device 50 1s required to move to a safe landing point
based on the remaining amount of the battery or the location
information, generate a safe travel path to the safe landing
point if necessary, and provide the safe travel path to the
unmanned delivery device 50 so that the unmanned delivery
device 50 can move to the safe landing point.
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In a further alternative way, the unmanned delivery device
50 may check the remaiming amount of the battery and the
location information at predetermined time intervals. When
the unmanned delivery device 50 confirms that the remain-
ing amount of the battery 1s below a predetermined threshold
value or that the current location thereof 1s deviated from a
planned travel route due to strong wind or the like, the
unmanned delivery device 50 may determine that it 1s
necessary to move to a safe landing point.

Through this operation, the unmanned delivery device 50
can move to the safe landing point. The unmanned delivery
device 50 may provide the unmanned delivery management
device 10 with mformation indicating safe landing of the
unmanned delivery device 50 (8221).

The delivery management terminal device 30 may receive
and store the delivery item information, the delivery desti-
nation information, the delivery list information, the route
information, and the like provided by the unmanned delivery
management device 10 (S204). In addition, the delivery
management terminal device 30 may output the delivery
item 1nformation, the delivery destination information, the
delivery list information, and the route information via a
GUI or the like (S204").

In addition, the delivery management terminal device 30
may receive flight status imformation (for example, nfor-
mation indicating abnormal battery power, normal flight,
failure, moving to safe landing point, occurrence of strong
wind, etc.) from the unmanned delivery management device
10 or the unmanned delivery device 30 (5230), and may
display the received information via a GUI or the like
(S231).

FIG. 2B 1s a flowchart illustrating a detailed procedure of
a route information generation process included in the
unmanned delivery device operation method according to
the embodiment of the present disclosure.

First, the unmanned delivery management device 10 may
check the origin of the unmanned delivery device 50 and the
destination of at least one delivery item included in the
delivery list. For example, the destinations of at least one or
more delivery 1tems may 1nclude a first destination for a first
delivery item, a second destination for a second delivery
item, . . . , and an n-th destination for an n-th delivery item
(n 1s a natural number). In consideration of these destina-
tions, the unmanned delivery management device 10 may
set a travel route including a first route from the origin to the
first destination, a second route from the first destination to
the second destination, . . . , and an an-th route from an
n-1-th destination to the n-th destination.

The unmanned delivery management device 10 may set a
sampling section 301 to determine a travel route 310 (see
FIG. 3) (S251).

The sampling section may be a portion of the entire travel
route 310. The sampling sections may be obtained by
dividing the entire travel route 310 by a predetermined
number or a predetermined distance unit.

The unmanned delivery management device 10 may set
the sampling sections 301 considering the total traveling
distance, which 1s a two-dimensional traveling distance
measured without considering altitude gradients, and a trav-
cling angle based on the travel direction.

Specifically, latitude and longitude values are iput as
input values to generate the destination coordinates d and the
origin coordinates S based on the Umniversal Transverse
Mercator Coordinate System (UTM).
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altitude range of the terrain, the altitude range of the natural
origin destination calculation features or buildings,, an error range of the altitude measure-
(latitude/ (latitude/ of ment, etc. The maximum operating altitude may be set in
longitude) longitude) distance : : .. ey :
) q sd view of a flight restriction or prohibition altitude range
> according to aviation safety rules, an error range of altitude
(E“};-Eiﬂg) 452671.847 454439.056 1767.209 measurement, etc.
y-1I0 4115587 97 4117079 27 1446 35 On the other hand, when the maximum value of the terrain
(Northing) altitude values of an area between the origin and the desti-
nation does not satisty the condition 1 which 1t 1s equal to
For example, the total traveling distance and the angle of " or smaller than the minimum value of the maximum Oper-
the travel direction (hereinafter, referred to as the traveling ating altitude mformation, the unmanned delivery manage-
angle) can be calculated through the following Equations 1 ment device 10 may generate a traveling range within which
and 2, respectively. In Equations 1 and 2, x_, and vy, are the unmanned delivery device can travel while maintaining
values obtained by converting latitude and longitude values, . @ salety altitude (low altitude) according to the type of the
respectively, 1n which x__(s) 1s a value obtained by convert- sampling section 301.
ing the latitude value of the origin, x_ (d) 1s a value obtained Specifically, the unmanned delivery management device
by converting the latitude value of the destination, Y, ,(s) 1s (a device for managing operation of an unmanned aerial
a value obtained by converting the longitude value of the  Vehicle (UAV)) may check a diflerence in the altitude value
origin, and Y,,(d) a value obtained by converting the ,, between the sampling sections 301 and check the types of
longitude value of the destination. the sampling sections 301 to determine whether the con-
tinuous horizontal movement of the unmanned delivery
device (1.e., an unmanned aerial vehicle (UAV) 1s possible,
Total traveling distance = [Equation 1] based on the difference 1n the altitude value between the
sampling sections 301 (S253).
\/(xm(d) ~Yeas))” + (Yoot = Yo = TEe t%pes of the sar(npling) sections 301 may include a
Traveling angle = [Equation 2] horizontally movable sampling section within an upward
r \ movement traveling range, a horizontally movable sampling
in (Xea(d) — Xeas)) ﬁ{ 130 ] section within a downward movement traveling range, an
k\/ (Yead) = Xea)? + Yno) = Yoow)? ) * " - upwardly movable sampling section, and a downwardly
movable sampling section.
A method of determining the types of the sampling
The unmanned delivery management device 10 may set a sections 301 may be determined by the following Equation
predetermined distance unit to be a reference value for 3. As an mitial condition for classifying a certain sampling
distinguishing each sampling section 301 and obtain the 14 section as a horizontally movable sampling section, an area
latitude and longitude values at each point every predeter- where a terrain altitude change 1s within a predetermined
mined distance unit. Then, the unmanned delivery manage- threshold value range (e.g., o) may be determined as being
ment device 10 may obtain the terrain altitude values at the a horizontally movable sampling section. The predetermined
predetermined points of the sampling sections 301 from a threshold value range (e.g., o) may be set considering the
terrain altitude database (S252). minimum value of the maximum operating altitude infor-
number of samplings 1, n 0 1 2 3 76
latitude lat(1) 37.18549  37.18566 37.1858364  37.1860092 37.19862
longitude lon(1) 128.4668 128.467 128.4673055 128.46756063 128.4866
terrain altitude (m) a(1) 208.3146  208.6943  208.925903  208.592453 7714.6169
change 1n height A1) 0.37976 0.37976 0.231568 —0.33345 —2.685
Further, in Step S252, the unmanned delivery manage- mation. For example, the predetermined threshold value
ment device 10 may reset the sampling sections by reflecting Y range (e.g., o) may be set to about 10 m that 1s half the
the altitude information of the terrain of an area ranging minimum value of the maximum operating altitude infor-
from the origin to the final destination. For example, the mation.
unmanned delivery management device 10 sets a range from
the origin to the destination as one sampling section when a U=d;y20—=gy=, 4> 0—=g;=1
: : : 55
maximum value of the terrain altitude values of an area
between the origin and the destination 1s equal to or smaller —0=A ;;<0—=g =2, A <-a—g ;=3 [Equation 3]
Fhan ¢ it value of maximum operating altitude A, represents an altitude value of a traveling range, and
information. _ _ _ 2 represents a type of a sampling section. Further, 2~ 0
The reason why the maximum value of the terrain altitude ¢, i, dicates a horizontally movable section 410 within an
values 1s smaller than the minimum value ot the maximum upward movement traveling range, g, —2 indicates a hori-
operating altitude information 1s that the terrain of an area zontally movable section within a downward movement
between the origin and the destination may be a region traveling range, g =1 indicates an upwardly movable sec-
where changes 1n the terrain or the natural feature 1s rela- tion 411, and g ,,=3 indicates a downwardly movable section
tively small like a sea area as illustrated in FIGS. 5A and 3B. 65 413 (see FIG. 4).

In an embodiment of the present disclosure, the minimum
operating altitude information may be set 1n view of the

Next, when the type of the sampling section 301 1is
determined, the unmanned delivery management device 10
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may set a traveling range 320 or 32' based on the cumulative
sum of the altitude difference values of each sampling
section 301 (5254).

For example, the unmanned delivery management device
10 sets at least one sampling section 301, each having a
cumulative sum of altitude difference values smaller than a
predetermined threshold value, as a single traveling range.
This traveling range 1s called a horizontal movement trav-
cling range.

Further, the unmanned delivery management device 10
may set the traveling ranges 320 and 320' by reflecting
terrain altitude information, safe altitude range information,
and the like. Herein, the safe altitude range information may
indicate a range from the minimum operating altitude infor-
mation to the maximum operating altitude information.

The unmanned delivery management device 10 may
check the cumulative sum of the terrain altitude difference
values for each of the sampling sections 301 having the same
type (see Equation 4).

Identification of a range of each travel direction and the
number of sections having the same travel direction

When g7 1y {781

When g =g 1y {y=g_1yt1, where the initial value
5(0)21

"y

(Generation of a terrain altitude difterence value within a
traveling range of the same travel direction

When g,,=gu 1y Do=D;_1y+4 ), wherein the initial
value D=0

When g;=gi 1y D=4 [Equation 4]

In Equation 4, 1,, represents the number of sampling
sections classified as the same type.

The unmanned delivery management device 10 may set
the 1nitial value of the cumulative altitude value for the same
type of sampling sections 301 to the altitude difference value
at the point where the types of the sampling sections are
changed, and cumulatively add terrain altitude difference
values to the imtial altitude value, for the same type of
sampling sections. Then, the unmanned delivery manage-
ment device 10 may compare the cumulative total of the
terrain altitude difference values calculated through the
above-described operation with a predetermined threshold
value (e.g., o), and may set the horizontal movement trav-
cling range based on the comparison result. The unmanned
delivery management device 10 may check the number of
sampling sections included 1n the horizontal movement
traveling range when the horizontally moveable sampling
sections consecutively occur. This value 1s used to provide
the number of horizontally movable sections.

In this process, sampling sections having the type 0 or the
type 2 are determined as being sampling sections where
horizontal movement 1s possible (1.e. horizontally movable
sampling sections), and sampling sections that are not deter-
mined as the horizontally movable sections may be deter-
mined as being a downward movement traveling range or an
upward movement traveling range.

Identification of a horizontal movement traveling range

When |Dl<a and not when =1, H;=0, i ;=0

Calculation of the number of sampling sections within the
horizontal movement traveling range (to be provided as
additional information of the route information)

WhEIl |D(I)|{:ﬂ H.Ild h(i_lfﬂ, k(z):h(z)_l_l

WhEIl |D(I)|{ﬂ ﬂ.ﬂd }Z(I_l)ZO, H(I):Op h(I)ZO [EqUHthI]. 5]
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The unmanned delivery management device 10 may
determine whether some sampling sections have the same
travel direction using the types of the sampling sections,
may determine the number of consecutive sampling sections
when the sampling sections having the same travel direction
consecutively occur.

The unmanned delivery management device 10 may set a
series of the sampling sections having the same travel
direction as a sing traveling range. Further, the unmanned
delivery management device 10 may set a travel slope
within a traveling range, 1.e. within each upward movement
traveling range or each downward movement traveling
range.

The unmanned delivery management device 10 may
determine whether or not the same travel direction 1s 1ndi-
cated through Equation 6, and determine the number of
consecutive sampling sections having the same travel direc-
tion through Equation 7.

<a OR 4 =), —=g;»=0, or =g ;=1

When 4;<0 and when (—a=4;, OR 4y oy 8y

2, or —=>g;»=3 [Equation 6]

When g=gu-1y {=8u-1)

When g\ =<1y {H=&u—1y+], wherem the initial

value g.,=1 [Equation 7]

Further, the unmanned delivery management device 10
may check whether the horizontal movement 1s possible for
cach sampling section included even in the upward move-
ment traveling range or the downward movement traveling
range, and determine the number of sampling sections where
the horizontal movement i1s possible within the upward
movement traveling range or the downward movement
traveling range. The unmanned delivery management device
10 may generate an 1dentification value Id,, for each trav-
cling range through the operation of Equation 8, generate an
identification value for a start point of the traveling range
through the operation of Equation 9, generate an identifica-
tion value for an end point of the traveling range through the
operation of Equation 10, and calculate the number of the
traveling ranges through the operation of Equation 11.

When H;,=H; |, and when (|1D /<o) and (g;#g;_
l)), Id(z):).rd(l_lj‘Fl . wherein Id(D)ZO

Else Id ,=Id;_,

When H ;=H; 1, Id=Id; y+1 [Equation §]

Wheﬂ Id(z)#ird(z—l): S(IJ)ZI, E(Mgr)zl [Equﬂ.tl':'ﬂ 9]

When Id \=1d; 1, Ein=Eq at+] [Equation 10]

E iy =ScaytE ay—1 [Equation 11]

Further, the unmanned delivery management device 10
may set a traveling angle (elevation or depression angle) of
a traveling direction or a travel slope for the upward move-
ment traveling range or the downward movement traveling
range (S255). For example, as illustrated 1mn FIGS. 6A and
6B, when a plurality of sampling sections s1 to s2, s2 to s3,
s3 to sd4, s4 to s5, and s3 to s6 are consecutive sampling
sections 1 which an upward movement 1s required, these
consecutive sampling sections may be set as a single trav-
cling range wp', specifically, an upward movement traveling
range within which the unmanned delivery device moves
upward.
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The unmanaged delivery management device 10 may set
a traveling angle of a travel direction of the unmanned
delivery device for the upward movement traveling range
through the above-described process.

The unmanned delivery management device 10 may set
the altitude value of the start point (or the end point) of the
traveling range as the operating altitude value for movement
of the unmanned delivery device 50 1n the case where the
traveling range 1s the horizontal movement traveling range.
The unmanaged delivery management device 10 may set the
operating altitude value of the upward movement traveling
range or the downward movement traveling range by retlect-
ing the travel slope value of a current traveling range to the
altitude value of the end point of the preceding traveling
range.

Further, in Step S252, the unmanned delivery manage-
ment device 10 may determine whether horizontal move-
ment 1s possible by using the mimmum value of the maxi-
mum operating altitude information as a reference value, and
considering the terrain altitude value for each traveling
range. The unmanned delivery management device 10 may
change the settings of the upward or downward movement
traveling ranges. Specifically, when the operating altitude
value of a certain traveling range 1s less than the minimum
value of the maximum operating altitude information, the
corresponding traveling range 1s reset as a horizontal move-
ment traveling range, and the altitude value of the start point
or the end point of the reset traveling range 1s set as the
operating altitude value of the corresponding traveling
range.

When the upward or downward movement traveling
range 1s reset as the horizontal movement traveling range,
the unmanned delivery management device 10 may increase
the number of the sampling sections within the horizontal
movement traveling range in which horizontal movement 1s
possible. In this way, it 1s possible to extend the traveling
range 1n which horizontal movement i1s possible, thereby
reducing the power consumption for the operation of the
unmanned delivery device 50.

Further, the operating altitude value of the start point of
the reset traveling range can be calculated by the following
Equation 12.

Aoy aoytAin [Equation 12]

When the altitude values ot 1d;, and 1d,,_,, are not equal
to each other within the traveling range 1n which the travel
direction 1s set to be the same, the unmanned delivery
management device 10 obtains a reterence slope value As, ,
of a cumulative terrain altitude difference value using posi-
tion values S, of a start point or an end point of the same
Id range and the number of the traveling ranges E, ,, through
the operation of Equation 13.

_ St rEGiD—1
ey Zi=sgy 0 DafEaay
When |D(3)|{ﬂ: AG(I'):AD(:E_1)+(AS(I'J):0)

NE= =
When |Dg,l=a, 4, =4,

When a traveling angle for each traveling range 1s set
through the above operation, the unmanned delivery man-
agement device 10 may set a delivery route for every
traveling range included 1n the tull travel path (5206).

In order to verily whether the generated travel altitude
value for each traveling range 1s appropriate, a difference
value between the terrain altitude value and the generated
travel altitude value 1s calculated for each sampling section.

+4 ;) [Equation 13]
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In this way, 1t 1s possible to verily whether the travel altitude
value of each sampling section 1s within a sale operating
altitude range.

When the altitude value on the delivery route 1s out of the
safe operating altitude range, that 1s, when it 1s greater than
the maximum operating altitude or less than the minimum
operating altitude, the unmanned aerial vehicle operation
management device (unmanned delivery management
device) performs an operation of correcting the delivery
route.

For example, the unmanned delivery management device
10 may reflect the mnitial altitude value 1n the altitude values
of the waypoints within the traveling range. Then, the
unmanned delivery management device 10 may check the
sale traveling angle for each traveling range to which the
initial altitude value 1s applied, and determine the waypoint
where the traveling angle (for an upward movement or a
downward movement) 1s to be corrected. Thereafter, the
unmanned delivery management device 10 may generate a
new travel condition for a traveling range having a diflerent
type from the previous traveling range. For example, the
unmanned delivery management device 10 may generate a
region of a curved travel route by retlecting the travel speed,
the traveling angle change, the traveling distance, and the
like. Then, the unmanned delivery management device 10
may generate and provide the altitude value for each way-
point and the traveling distance between the waypoints, the
total traveling distance of the unmanned delivery device,
and the traveling angle for each traveling range.

Use the same value for the traveling ranges identified as
(Id(i—l)?fld(i)) | ‘ o |

Starting section S, ending section E; , (when there 1s
only a single section, E, ,=1)

The traveling distance value of a traveling range (tangen-
tial distance)

A subtotal of horizontal traveling distances (at O m above
sea level):

SidyrE(id)y—

_ 1
Aa_f(fd)—gf%@ As 1

A subtotal of altitude differences:

_ StdrEGhH—1 _
Ah_f(fd)_z: Gay+= ) Ak(z‘): Ah(z‘)_(Aa(f—l)'l'A(f))

=3 d)
A distance of a tangential surface:

_ 2 2
sz(fd)_\/ﬂg_f(fd) +Ay sa)

A traveling angle value for each traveling range:

@(fﬂ?):Siﬂ (Ah_f(fd)/ssf(fd)) 1 80/3'[; [Eq_uuﬂ.tlﬂﬂ 1 4]

The unmanned delivery management device 10 may
correct a traveling angle (elevation or depression angle) such
that the unmanned delivery device can sately travel. For this
purpose, the unmanned delivery management device 10 may
set an ascending or descend point where the unmanned
delivery device ascends or descends to correct a traveling
angle of the unmanned delivery device such that the
unmanned delivery device can travel with a safe traveling
angle.

Referring to FIGS. 7A to 7D, the unmanned delivery
management device 10 may correct operating altitude values
for traveling ranges 1n which the unmanned delivery device
travels with a traveling angle greater than a safe traveling
angle @s by correcting upward and/or downward altitudes
values and the slope value. For example, the unmanned
delivery management device 10 may set an operating alti-
tude value of a traveling range by raising the altitude of the
start point or lowering the altitude of the end point for the
upward movement traveling range, or by raising the altitude
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value of the end point or lowering the altitude value of the
start point of the downward movement traveling range.

In an alternative way, the unmanned delivery manage-
ment device 10 may check a region where the traveling
angle of the unmanned delivery device exceeds the preset
safe traveling angle by considering the terrain altitude values
within the traveling ranges, and correct the operating alti-
tude value of the corresponding region.

For example, referring to FIG. 8, the unmanned delivery
management device 10 may check a traveling angle of a
predetermined region (for example, a region corresponding,
to a length of a single sampling section) from a start point
to a certain waypoint 802 of a traveling range, and may set
the corresponding waypoint as a transit point 802 when the
confirmed traveling angle exceeds the safe traveling angle
¢s. Then, the unmanned delivery management device 10
may correct the operating altitude value such that the
traveling angle at the transit point 802 falls within the safe
traveling angle. For example, the operating altitude value of
the start point 801 may be 1ncreased such that the traveling
angle between the start point 801 and the transit point 802
within the traveling range can fall within a safe traveling
angle range. Alternatively, the operating altitude value of the
transit point 802 may be increased such that the traveling
angle from the transit point 802 to the end point 803 of the
traveling range can fall within the safe traveling angle range.

Further, referring to FIG. 9, the unmanned delivery man-
agement device 10 may check the traveling angle of a
predetermined region (for example, a region corresponding
to a length of a single sampling section) from the start point
of the traveling range to a predetermined point in a down-
ward movement traveling range, and may determine the
predetermined point as a transit point 902 when the con-
firmed traveling angle exceeds the safe traveling angle ¢s.
Therefore, the unmanned delivery management device 10
may correct the operating altitude value of the transit point
902 such that the traveling angle at the transit point 902 can
tall within the safe traveling angle range. For example, the
operating altitude value of the transit point 902 may be
increased such that the traveling angle between the start
point 901 of the traveling range and the transit point 902 can
be set to a value within the safe traveling angle range. The
operating altitude value of the transit point 902 may be
lowered such that the traveling angle from the transit point
902 to the end point 903 of the traveling range can be set to
a value within the safe traveling angle range. Specifically,
the cumulative altitude diflerence of the traveling range 1s
calculated by Equation 15, a reference altitude value for
correction 1s calculated by Equation 16, and the slope value
of the corrected section can be calculated by Equation 17.
Then, the altitude values for the traveling range can be
corrected through the operation of Equation 18.

Identification of a travel direction: the travel direction 1s
a positive direction (+) when ¢s<¢0, and the travel direction
1s a negative direction (-) when —¢s>¢0.

Generation of a diflerence value between the first gener-
ated traveling angle and the safe traveling angle:

@d:‘|®5|_|®

ol

The altitude value for the safe traveling angle:

(AS}J):ADE(:E@ tﬂ.ﬂ(l'ﬂd(@s))? Aa; fd)2i=5(id)5(id>+ﬂ-ﬁd>_ IAS;(

. . iy
i Stidh+EGDH—1
As(fd)_2f=5(fd) Gay+E () (z')E(fa’)

[Equation 13]

When Amax}(Ach+{Am(i)_Aa(i—l)H:S(id)})? Ac;,
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Else, 4., =4, —4,,.x Equation 16]

The slope value of the corrected section of the upward
movement traveling range: [A_ (1d)]-(altitude value of des-
tination—altitude value of startspoint ol corrected section+
corrected altitude value)/the number of traveling ranges

Acs(id):(Aﬂ(E(fd)+E(fd)— l)_A G(S(I-d))-l_A c;,)/E(id)

The slope value of the corrected section of the downward
movement traveling range: [A_ (1d)]=(altitude value of des-
tination+corrected altitude value-altitude value of start
point of corrected section)/the number of traveling ranges

Acs(id):(Aa(S(fd)+E(fd)— l)+A r:k,_A cly (Id))/E(IJ) [Equatiﬂﬂ 1 7]

A coiy=A o4, (1d) [Equation 18]

col(i

A traveling altitude value 1s generated 1n accordance with
the upward or downward angle correction such that the
unmanned delivery device can travel at the safety traveling
angle, and the traveling distance and the traveling angle of
the traveling range are generated by reflecting the corrected
altitude value of the transit point. First, it may be determined
whether the altitude value of the traveling range 1s a positive
altitude or a negative altitude, which can be confirmed
through the calculation of Equation 19.

When ¢.<¢,, a positive altitude at the start point:
A, id)

When —¢_>¢,, a negative altitude at the end point:

-A,,(1d) [Equation 19]

Further, the unmanned delivery management device 10
may check the traveling angle and the traveling distance of
the corrected traveling range. The traveling angle can be
confirmed through the calculation of Equation 20 and the
traveling distance can be confirmed through the calculation
of Equation 21.

A subtotal of horizontal traveling distances (0 m above
sea level):

_ St rE G~
Aﬂ_f(fff)_2=5(id) (a)y+=(ia)

A subtotal of traveling altitude di

1
As 1

‘erences:

_ StidrEGS—1 _
AC:II_E(I'J)_EI.:S(MT) (i) Ga) Ah(z‘): Ah(z‘)_(ACa(i—I)'l'A(z‘))

A distance of a tangential surface:

A/ > 7 : -
S Csf(z‘.:f)_vAo_f(z'd) +ACh_E(z‘d) Equation 20]

A traveling angle value of the corrected traveling range:

D ciany=SM Ay, j6ay'S csiiay) 180/

In the above-described embodiment, the operation of the
unmanned delivery management device 10 1s described on
the assumption that a travel path from a start point 1001 to
an end point 1002 of a traveling range 1s a linear path 1010.
Alternatively, the unmanned delivery management device
10 may set a traveling range having a predetermined area
(for example, a range including left-hand and right-hand
areas) 1020 around the linear path 1010. For example, the
unmanned delivery management device 10 may determine
latitude and longitude values for a predetermined size area
1020 having a predetermined size (for example, 10 meters)
and a terrain altitude value for the predetermined size area
1020 (for example, 10 meters). Then, the unmanned delivery
management device 10 may set the traveling range by
reflecting the terrain altitude value for the predetermined
s1ize area 1020 (for example, 10 m).

For example, when the altitude value of the traveling
range, which 1s preset in consideration of the linear path
1010, and the terrain altitude value for the predetermined

[Equation 21]
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s1ize range 1020 (for example, 10 m) are within a predeter-
mined threshold range, the unmanned delivery management
device 10 may change the transit points within the prede-
termined size range 1020. In addition, the predetermined
size range 1020 may be set as an auxiliary traveling zone,
and the operation of the unmanned delivery device 50 may
be controlled 1n consideration of the auxiliary traveling
zone. For example, referring to FIG. 11, when the unmanned
delivery management device 10 may check the location of
the unmanned delivery device 50 and confirm that the
unmanned delivery device 50 travels within the auxiliary
traveling zone 1101 (see FIG. 11A), the unmanned delivery
management device 10 determines that the unmanned deliv-
ery device 50 normally travels. However, when the location
of the unmanned delivery device 50 1s determined to be out
of the auxiliary traveling zone 1101 (see FIG. 11B), the
unmanned delivery management device 10 may determine
that the unmanned delivery device 50 has deviated from the
planned route.

When the unmanned delivery device 50 1s outside the
auxiliary traveling zone 1101, the unmanned delivery man-
agement device 10 may transmit a command or signal for
controlling the movement of the unmanned delivery device
50 so that the unmanned delivery device 50 can move to
enter the auxihary traveling zone 1101, to the unmanned
delivery device 50.

Alternatively, the unmanned delivery device 50 may
check the information on the auxiliary traveling zone 1101
when setting the delivery route, obtain the values provided
by on-board sensors that measure the location, altitude, and
temperature, etc., determine whether the unmanned delivery
device 50 travels outside the auxiliary traveling zone based
on the obtained values, and may control the movement of the
unmanned delivery device 50 so that the unmanned delivery
device 50 can travel within a predetermined traveling range
of the route when the unmanned delivery device 50 1is
determined as traveling outside the auxiliary traveling zone.

The route information that 1s set through the above-
described operation may be transmitted to the unmanned
delivery device 50 and used to control the movement of the
unmanned delivery device 50. For example, the unmanned
delivery device 50 may check the traveling range or the
waypoint included in the route information, and move
autonomously i accordance with the confirmed location
and altitude information.

Further, the unmanned delivery device 50 may check its
own location information and altitude information, and
check whether the confirmed location imnformation and alti-
tude information are out of the traveling range or the
waypoint included 1n the route information. The flight status
checking unit 55 may perform an operation of requesting 1ts
remote control by the unmanned delivery management
device 10 or the delivery management terminal device 30
when the confirmed location information and the altitude
information are out of the travel interval or the waypoint
included in the route information.

Further, the route information may include the above-
described auxiliary traveling zone, and the unmanned deliv-
ery device 50 may operate while setting the auxiliary
traveling zone as a reference zone (criterion) to determine
whether to perform the remote control.

Although the exemplary methods of the present disclosure
are represented by a series of operations for clarity of
explanation, they are not intended to limit the order 1n which
the steps are performed, and if necessary, each step may be
performed simultaneously or in a different order. In order to
implement the method according to the present disclosure,
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the 1llustrative steps may additionally include other steps,
include the remaining steps except for some steps, or may
include additional steps other than some steps.
The various embodiments of the present disclosure are not
intended to be limited to all possible combinations, but
rather to illustrate representative aspects of the present
disclosure. Those described 1n various embodiments may be
applied independently or 1n a combination of two or more.
Furthermore, various embodiments of the present disclo-
sure may be implemented by hardware, firmware, software,
or a combination thereof. In the case of hardware imple-
mentation, the present disclosure may be implemented by
one or more application specific integrated circuits (ASICs),
digital signal processors (DSPs), digital signal processing
devices (DSPDs), programmable logic devices (PLDs), field
programmable gate arrays (FPGAs), general processors,
controllers, microcontrollers, microprocessors, and the like.
The scope of the present disclosure includes software and
machine-executable instructions (for example, operating
systems, applications, firmware, programs, etc.) that cause
operations of the methods of the various embodiments to be
performed on a device or computer, and also include a
non-transitory computer-readable medium in which such
software or instructions are stored to be executable on a
device or computer.
The mvention claimed 1s:
1. A system for operating an unmanned delivery device,
the system comprising;:
an unmanned delivery device for delivering at least one
delivery 1tem to a destination according to route infor-
mation;
an unmanned delivery management device for setting at
least one sampling section with respect to a travel route
to the destination of the at least one delivery item,
checking a type of the sampling section based on
location information and altitude information of the
sampling section, setting a traveling range including
the at least one sampling section based on the type of
the sampling section, generating the route information
including the at least one traveling range, providing
delivery list information and the route information to
the unmanned delivery device, and checking flight
status 1nformation of the unmanned delivery device;
and
a delivery management terminal device for outputting the
delivery list information, the route information, the
flight status information of the unmanned delivery
device.
2. An apparatus for operating an unmanned delivery
device, the apparatus comprising:
at least one processor, the processor being configured to:
set at least one sampling section with respect to a travel
route to the destination of an at least one delivery 1tem,
check a type of the sampling section based on location
information and altitude mformation of the sampling
section,
set a traveling range including the at least one sampling
section based on the type of the sampling section,
generate the route information including the at least one
traveling range, providing delivery list information and
the route mformation to the unmanned delivery device,
and
check thght status information of the unmanned delivery
device.
3. The apparatus according to claim 2, wherein the types
of the sampling sections include a horizontally movable
sampling section within an upward movement traveling
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range, a horizontally movable sampling section within a
downward movement traveling range, an upwardly movable
sampling section, and a downwardly movable sampling
section.
4. The apparatus according to claim 2, wherein the the
processor being configured to:
check a travel direction corresponding to the type of each
sampling section, and
set a plurality of consecutive sampling sections having the
same travel direction as one traveling range of the
traveling ranges.
5. The apparatus according to claim 2, wherein the
processor being configured to:
set a traveling distance and a traveling angle of the
traveling range.
6. The apparatus according to claim 3, wherein the
processor being configured to:
set an altitude value of a start point of the traveling range
or an altitude value of an end point of the traveling
range, based on the traveling angle of the traveling
range.
7. The apparatus according to claim 3, wherein the
processor being configured to:
set a transit point within the traveling range 1n consider-
ation of the traveling angle,
check a first traveling angle for a zone from the start point
of the traveling range to the transit point and a second
traveling angle for a zone from the transit point to the
end point of the traveling range, and
correct at least one of the altitude value of the start point
of the traveling range, the altitude value of the end
point of the traveling range, and the altitude value of
the transit point, in consideration of the first traveling
angle and the second traveling angle.
8. The apparatus according to claim 2, wherein the
processor being configured to:
set an auxiliary traveling zone extended from the traveling
range by a predetermined dimension 1 a vertical
direction, a horizontal direction, or both, and
set a waypoint to be present within the auxiliary traveling
Zone.
9. The apparatus according to claim 2, wherein the
processor being configured to:
check the traveling range and an auxilhiary traveling zone
that 1s set with respect to the traveling range,
configure a remote controllable environment 1n which the
unmanned delivery device 1s remote-controlled by the

unmanned delivery management device or the delivery
management terminal device when 1t 1s determined that
a location of the unmanned delivery device 1s out of the
traveling range or the auxiliary traveling zone, and

perform a movement process by receiving a remote
control signal from the unmanned delivery manage-
ment device or the delivery management terminal
device.

10. The apparatus according to claim 2, wherein the

processor being configured to:

generate path information for guiding unmanned delivery
device to a safe landing point 1n consideration of a
remaining amount of a battery, and

provide the path immformation to the unmanned delivery
device.

11. A method for operating an unmanned delivery device,

the method comprising:

setting at least one sampling section with respect to a
travel route to a destination of at least one delivery
item:
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checking a type of the sampling section based on location
information and altitude information of the sampling
section;

setting a traveling range including the at least one sam-

pling section based on the type of the sampling section;
generating route information including the at least one
traveling range; and

providing the route information to the unmanned delivery

device.

12. The method according to claim 11, wherein the types
of the sampling sections includes a horizontally movable
sampling section within an upward movement traveling
range, a horizontally movable sampling section within a
downward movement traveling rage, an upwardly movable
sampling section, and a downwardly movable sampling
section.

13. The method according to claim 11, wherein the
checking of the type of the sampling section comprises:

determining the type of the sampling section 1 consid-

cration of a maximum value of terrain altitudes of an
area on the way to the destination and a minimum value
of operating altitude information.

14. The method according to claim 11, wherein the setting
of the traveling range comprises:

checking a travel direction corresponding to the type of

the sampling section; and

setting a plurality of consecutive sampling sections hav-

ing the same travel direction as one traveling range of
the traveling ranges.

15. The method according to claim 11, wherein the
generating of the route information comprises:

setting a traveling distance of the traveling range and an

traveling angle within the traveling range.

16. The method according to claim 15, wherein the
generating of the route information comprises:

setting an altitude value of a start point of the traveling

range or an altitude value of an end point of the
traveling range 1n consideration of the traveling angle.

17. The method according to claim 16, wherein the
generating of the route information comprises:

setting the altitude value of the start point of the traveling

range or the altitude value of the end point of the
traveling range in consideration of a safety traveling
angle.
18. The method according to claim 15, wherein the
generating of the route information comprises:
setting a transit point within the traveling range 1n con-
sideration of the traveling angle 1n the traveling range;

checking a first traveling angle for a zone from the start
point of the traveling range to the transit point and a
second traveling angle for a zone from the transit point
to the end point of the traveling range; and

correcting at least one of an altitude value of the start
point of the traveling range, an altitude value of the end
point of the traveling range, and an altitude value of the
transit point 1n consideration of the first traveling angle
and the second traveling angle.

19. The method according to claim 11, wherein the
generating of the route information comprises:

setting an auxiliary traveling zone extended from the

traveling range by a predetermined size in a vertical
direction, a horizontal direction, or both; and

setting a waypoint to be within the auxiliary traveling

Zone.

20. The method according to claim 11, wherein the

generating of the route information comprises:
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setting an auxihiary traveling zone extended from the
traveling range by a predetermined size 1n a vertical
direction, a horizontal direction, or both,

wherein the auxiliary traveling zone 1s used as a reference
to determine whether it 1s necessary to perform remote 5
control of the unmanned delivery device.
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